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SO-CALLED MIXED TUMORS OF THE 
SALIVARY GLANDS 


WALTER H. SHELDON, M.D. 
BOSTON 


The nature and the site of origin of the so-called mixed tumors of 
the salivary glands are still obscure. The great variability in the char- 
acter of the cellular components, among which cartilage and bone are 
found, as well as the peculiar appearance of the stroma, accounts for 
the uncertainty in regard to the nature of these tumors. Their origin 
from the salivary glands has been doubted, since neoplasms of similar 
appearance have been found in the skin, lacrimal glands and breast. 

A complete review of the subject was given by Ahlbom in 1935." 
He presented the various opinions which deal with the endothelial, 
mesenchymal or teratomatous character of these neoplasms. Such 
opinions are now of historical interest only. His conclusion favored 
the epithelial nature of these tumors. Ewing ? agreed that these growths 
are epithelial. Concerning their origin he, as well as Ahlbom,* expressed 
the belief that some arise from the mucous or salivary glands while 
others appear to come from aberrant embryonal anlages or possibly from 
remnants of the branchial cleft. 

No essentially different opinions in regard to the nature and the 
origin of these tumors are recorded in the literature. 


NORMAL SALIVARY GLANDS 


Although the histologic character of the salivary glands is well known, 
it might be permissible to outline briefly some of the principal features. 
This seems justified in view of the fact that one of the cellular components 
of the glands which normally is rather inconspicuous may assume a 
major role in some of the tumors of these organs. 

By far the predominant element is the secreting epithelial cell, which 
is of cuboid shape. These cells are arranged in acini and produce either 
an albuminous or a mucous secretion. While some of the glands are 


From the departments of pathology of the Peter Bent Brigham Hospital and 
Harvard Medical School. 


1. Ahlbom, H. E.: Acta radiol., 1935, supp. 23, p. 1. 


2. Ewing, J.: Neoplastic Diseases, ed. 4, Philadelphia, W. B. Saunders Com- 
pany, 1940, 


1 





2 ARCHIVES OF PATHOLOGY 


composed exclusively of secreting cells of a single type, most of the 
glands are made up of mixed types and contain both albuminous and 
mucous secreting cells. All glands possess branching excretory ducts. 
The epithelium of those situated within the lobules appears to contribute 
to the secretion. The smallest intralobular ducts are called necks, 
isthmuses or intercalated ducts and are lined by low cuboid epithelium. 
The next larger and still intralobular ducts are referred to as striated 
tubules because of the peculiar striation of the columnar epithelium. 
The larger ducts present in the major salivary glands are lined by 
pseudostratified columnar epithelium which near the openings of the 
ducts changes into stratified squamous epithelium. 

Around the acinous cells of all salivary glands, as well as around 
their isthmuses and striated tubules, other cells are present. These 
cells have been extensively studied by Zimmermann.* They are situated 
between the secreting epithelium and the basement membrane but inside 
the latter. Normally they are not numerous, and only their nuclei are 
easily visible. Their shape varies from stellate with several cytoplasmic 
processes to more elongated. Their nuclei are angular or more flattened 
and elongated. These cells possess fairly coarse longitudinal cytoplasmic 
fibrils which extend into the cell processes. They are arranged obliquely 
or almost circularly about the longitudinal axis of the acini or ducts 
and partly encircle the epithelial cells with their processes. The presence 
of syncytial connections between them is disputed. Zimmermann * denied 
the presence of such connections in human material. 

These cells are called basket or basal cells. Their morphologic 
features and staining properties identify them as smooth muscle fibers, 
and as such they were first recognized by Engelmann.‘ This view is 
now universally accepted. The ectodermal origin of these cells appears 
to be undisputed. They are considered by the anatomists as contractile 
epithelial cells and are classified together with similar cells found in 
the mammary, lacrimal, ceruminous and sweat glands as myoepithelium. 
By their contractions they facilitate the propulsion of the excretion 
from the glands. In addition to the basket cells, spindle-shaped smooth 
muscle cells resembling more closely the myoepithelium of the sweat 
glands are found in similar locations around the isthmuses in some of 
the glands. 

MATERIAL 
Fifty-four examples of the so-called mixed tumor of the salivary glands were 


studied. The specimens had been fixed in Zenker’s fluid. The following stains 
were used: eosin-methylene blue routinely, Mallory’s phosphotungstic acid—hema- 


3. Zimmermann, K. W.: Die Speicheldriisen der Muhdhdhle und die Bauch- 
speicheldriise, in von MOllendorff, W.: Handbuch der mikroskopischen Anatomie 
des Menschen, Berlin, Julius Springer, 1927, vol. 5, pt. 1, p. 130. 

4. Engelmann, T. W., cited by Zimmermann.* 
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toxylin and Mallory’s aniline blue in many instances and Weigert’s elastic tissue 
stain occasionally. Hematoxylin-eosin was used sometimes to obtain better results 


on old material. 
MICROSCOPIC OBSERVATIONS 


On microscopic examination four groups could be distinguished 
among these tumors. These groups, however, were intimately related 


and overlapped each other. 


First Group.—The tumors in the first group are irregularly lobulated, 
and each is surrounded by a dense connective tissue capsule. Some- 


Fig. 1—Adenoma of a parotid gland. Note the occasional small alveolar arrange- 
ment of the tumor cells and in some areas the loose and myxomatous appearance of 
the stroma. Eosin-methylene blue; x 100. 


times continuity with the adjoining uninvolved salivary gland is seen. 
They are markedly cellular, although in some areas the cells are more 
widely spaced. The tumor cells are of epithelial type and are generally 
arranged in solid clusters or anastomosing cords of varying width. 
Sometimes a small alveolar arrangement is present (fig. 1). In rare 
instances, larger cystic formations may be found. The tumor cells are 
mostly of polyhedral shape. Where an alveolar or cystic arrangement 
is present, they assume a cuboid or flattened shape. They are of medium 
size and possess round to oval vesicular nuclei. The fairly abundant 
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cytoplasm varies somewhat in appearance. In some tumors it is clear; 
in others it is finely granular and the granules are faintly eosinophilic 
(fig. 2.4). In still others, it is rather homogeneous and basophilic. A 
few of the alveolar structures contain small amounts of inspissated 
eosinophilic or basophilic material. There is no cellular pleomorphism, 
and mitoses are exceedingly rare. 

Among the tumor cells a few other elements may be seen occasionally, 
but they are quite rare. These cells are of stellate shape with elongated 
or angular nuclei. Their cell body branches into several processes, and 
their eosinophilic cytoplasm exhibits longitudinal fibrils, which stain blue 
with the phosphotungstic acid—hematoxylin stain. These cells are situ- 
ated at the periphery of the tumor cell clusters or cords but in close 
contact with them. Their processes partly encircle the tumor cells. 

The connective tissue stroma varies in amount. In the densely packed 
cellular areas it is generally delicate and frequently rich in thin-walled 
blood vessels. Here it surrounds the clusters and cords of tumor cells 
after the fashion of a basement membrane. The rare stellate-shaped cells 
are always situated inside this membrane. In other areas the stroma is 
more abundant and frequently is dense, hyaline and acellular or is “moth 
eaten” and myxomatous in character. Some infiltration by lymphocytes 
and plasma cells, as well as some old and recent hemorrhage, may be 
seen occasionally. In some lobules, however, the stroma is present in 
such large amounts that the tumor cells proper are found only in rather 
small number and widely spaced. 

In most of the neoplasms belonging to this group the already men- 
tioned preponderance of the stroma is present throughout the entire 
tumor and represents a striking feature (fig. 2B). The neoplastic cells 
are identical with those already described. They are present in widely 
spaced small or medium-sized collections or, frequently, they are 
scattered singly or in groups of three and four. A small alveolar 
arrangement is often seen, and the cells on the whole show marked 
secretory activity. The tumor cells are in general less altered and more 
abundant at the periphery of the individual lobules. 

The stroma varies in character. It is poorly vascularized and stains 
mostly basophilic. In general, around the collections of tumor cells it 
is loose, fibrillar, markedly myxomatous and slightly to moderately 
basophilic. Where the tumor cells are few and scattered, the stroma 
is dense, hyaline, quite acellular and deeply basophilic. This appearance 
of the stroma coincides with changes in the tumor cells proper. Numer- 
ous secretion vacuoles appear in the neoplastic cells, causing marked 
swelling and ballooning of the cytoplasm and pyknosis of the nuclei. 
Thus the cytoplasm assumes a clear appearance, and the nucleus is 
flattened and displaced peripherally. In this manner, the isolated tumor 
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Fig. 2—A, adenoma of a parotid gland. Note the conspicuous fine secretion 
granules in the cytoplasm and the mitosis, which are rare in this type of tumor. 
Eosin-methylene blue; x 670. B, adenoma of a parotid gland. Note the abundant 
dense hyaline connective tissue stroma with some degenerating tumor cells scattered 
throughout it, giving the stroma its peculiar pseudocartilaginous appearance (com- 
pare with C). Eosin-methylene blue; x 170. C, adenoma of a parotid gland. Note 
the varying stages of swelling and ballooning of the tumor cells as well as the 
density of the nuclei. Eosin-methylene blue; x 1600. 
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cells are scattered through a background of markedly dense hyaline 
basophilic stroma, and the tissue assumes the appearance of cartilage 
(fig. 2C). Sometimes masses of hyaline cartilage may be found in the 
same areas. Their true cartilaginous nature is recognized by the char- 
acter of the dense homogeneous interstitial substance. This surrounds 
the cells proper, forming the so-called cartilage capsules. Most impor- 
tant, however, is the fact that in many instances its formation from the 
fibroblasts of the stroma can be seen at the periphery .of these masses. 

This group, therefore, is one of noncancerous tumors in which the 
neoplastic cells are of epithelial nature and tend to reproduce the normal 
epithelium of the salivary glands. Frequently the neoplastic cells undergo 
degeneration, which leads to a peculiar appearance of the connective 
tissue stroma. In many of these tumors the stroma is strikingly abundant 
and includes areas of metaplastic cartilage. 

There is, however, a close relationship between the tumors of this 
and the tumors of the next group. This relationship is illustrated by 
the fact that a few of these tumors present in small areas a picture such 
as is seen in the neoplasms of the second group. 

Second Group.—The tumors of the second group are composed of 
irregularly sized lobules, and each tumor is surrounded by a connective 
tissue capsule. An intimate relationship between the tumor tissue and 
the adjoining uninvolved salivary gland is seen in many instances. Some 
areas of the tumors are exceedingly cellular while elsewhere the neo- 
plastic cells are quite sparse. There is considerable variation in the 
arrangement of the cells (fig. 3.4). Two different types of tumor cells 
are present, but both are generally in closest contact and relation with 
each other. 

The cells representing the first type are definitely epithelial. They 
are the same cells which form the tumors of the first group. Their 
cytologic details are identical. No anaplastic cells are present, and 
mitoses are rare. Their arrangement is also basically the same as in 
the first group, but the formation of well defined small alveolar or duct- 
like structures is frequent and characteristic. In addition, the neoplastic 
cells may be found in small solid cords or clusters. Cystic dilatations of 
medium size occur in the alveolar or ductlike structures. Rarely, larger 
cystic formations with papillary infoldings are encountered. In the solid 
formations the tumors cells are polyhedral, while in the alveolar or duct- 
like structures they are cuboid. Where cystic dilation has occurred, 
they may be flattened out. Wherever they surround lumens they are 
present only in a single layer (fig. 3B). Sometimes they may show 
extensive metaplasia into stratified squamous epithelium, occasionally 
with keratinization. Secretory activity in these cells varies from slight 
to marked. Granular or, more frequently, inspissated homogeneous 
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Fig. 3—A, mixed tumor arising from the small buccal salivary glands of the 
cheek. Note the great variation in the arrangement, the numerous small and large 
ductlike structures with secretion, and the occasional squamous metaplasia and 
keratinization of the epithelium lining these structures. An area of true cartilage is 
seen at the left side of the picture. Eosin-methylene blue; x 75. B, an area of the 
same tumor at higher magnification. The small ductlike structures lined by a single 
layer of epithelium and containing some secretion are surrounded by the prominent 


basket cells (see fig. 4B). Basket cells are also seen in larger sheets. Eosin- 
methylene blue; x 170. 
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eosinophilic or basophilic material may be found in the lumens. Where 
the secretory activity is most marked, the tumor cells may undergo 
degeneration identical with that described in the neoplasms of the first 
¢-oup. 

The number of these cells varies considerably in the different tumors 
and even in the different portions of a single tumor. Sometimes they are 
quite numerous. Elsewhere they are few and widely spaced. On the 
whole they are considerably less numerous than the cells representing 
the second type, with which they are intimately connected in most 
instances. 

The cells of the second type are the predominating tumor element 
(fig. 3B). They display sometimes wide variation in shape. The stages 
leading to such variation in shape and appearance can be followed in 
almost every instance. These cells are of medium size. When widely 
separated from one another and situated in a loose background, they 
are of stellate shape because of the presence of several cytoplasmic 
processes. When they are closely packed or otherwise somewhat com- 
pressed, they appear as elongated fusiform elements. Similarly their 
nuclei, which are generally somewhat curved, vary from oval and 
elongated to rod shaped. The nuclei are quite dense and rich in 
chromatin. There may be occasional mitoses. These neoplastic cells 
possess a fair amount of eosinophilic cytoplasm, in which longitudinal 
cytoplasmic fibrils are seen (fig. 44). Their cytoplasm stains dark 
red with aniline blue and deep blue with phosphotungstic acid- 
hematoxylin in contrast to the epithelial components, which stain orange 
with aniline blue “and brownish blue with phosphotungstic acid- 
hematoxylin. This difference in staining properties may be useful 
in those areas where the cells of the second type are of different appear- 
ance. In such areas, the cells are oval or round, and no longitudinal 
cytoplasmic fibrils can be made out. Their nuclei are oval and more 
vesicular. In a few rare instances large atypical nuclei are encountered. 
There are some mitoses. 

These neoplastic cells also show variation in their arrangement. 
Where they are in contact with the epithelium of alveolar or ductlike 
formations they form the outer layer of these structures. This outer 
layer ranges from one to several cells in width. Here the cells show 
frequently a somewhat oblique palisade-like arrangement but are always 
situated inside the basement membrane (fig. 4B). In other extensive 
areas these neoplastic cells are present in closely packed masses and may 
form interlacing bundles. Such an arrangement occurs where no alveolar 
or ductlike structures are present. Still elsewhere and also in large 
areas these tumor cells may be widely spaced and present the pattern 
of a tissue culture. Here the presence of anastomoses between the tumor 
cells is strongly suggested. Isolated islands of epithelial tumor com- 
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ponents may be encountered in all these areas. These epithelial cells 
are found isolated or in small groups of two or three. They are partly 
encircled by the cytoplasmic processes of a few intimately adjoining 
neoplastic cells of the second type. 


Fig. 4.—A, the same tumor as in figure 3 A. A group of basket cells cut across 
almost longitudinally, The elongated fusiform shape of these cells is visible. Eosin- 
methylene blue; x 670. B, the same tumor. Some of the ductlike structures are 
shown at high magnification. Note the inner single layer of epithelium and the 
prominent outer layer of basket cells arranged in palisade-like fashion. Eosin- 
methylene blue; x 300. 


The connective tissue stroma of this group of neoplasms displays the 
variations described in the first group. It ranges from delicate and fairly 
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vascular or loose, “moth eaten” and myxomatous to dense, hyaline and 

acellular. Where the stroma is of myxomatous appearance, it coincides 
with the previously described degenerative processes in the epithelial 
tumor components, Here, too, this degenerative process quite often 
produces a peculiar appearance of the stroma resembling that of cartilage. 
Areas of true cartilage and rarely of bone formed by metaplasia from 
the connective tissue are encountered (fig. 5 A). 

Most of these tumors are surrounded by well defined connective 
tissue capsules. In a few instances, however, the capsule is incomplete 
and invaded (fig. 5B). Occasionally extension of the tumor into the 
adjoining tissue may be seen. In these areas it is the epithelial com- 
ponent which appears to invade the adjoining tissue. It is accompanied 
by the elements of the second cell type, but these become less con- 
spicuous. There is response of the stroma to the invading tumor 
elements. In 1 case invasion of nerve sheaths had taken place, and only 
in this case did the invading epithelial cells display an appreciable 
degree of anaplasia. 

In conclusion, this group of neoplasms is composed of two different 
types of intimately connected cells. One type is represented by the same 
epithelial cells of the salivary glands which constitute the tumors of the 
first group. The other type is represented by cells which through their 
shape, appearance, staining properties and arrangement are identified 
as derived from the basket cells of the salivary glands. On the whole 
the latter cells are the predominating tumor element. Degenerative 
processes in the epithelial component may lead to a peculiar appear- 
ance of the connective tissue stroma. Metaplastic cartilage and bone 
derived from the connective tissue stroma may be found. Most of these 
tumors are noncancerous. Occasionally the basket cells display some 
anaplasia, but they do not show evidence of invasiveness. A few tumors 
show local invasion, and in 1 instance definite cancer was found. It is 
the epithelial component which becomes cancerous and invasive. 

The same close relationship which connects the tumors of the fore- 
going two groups exists between those of the second and those of the 
third group. In areas the neoplasms of the second group display the 
cellular components and structural pattern characteristic of the tumors 
to be described next. 


Third Group.—The tumors of the third group consist of small, gen- 
erally solid nodules which are well encapsulated. The neoplastic cells 
are essentially identical with the basket cells of the tumors of the second 
group. On the whole they tend to be more frequently of elongated 
fusiform shape and are arranged in closely packed interlacing strands 
(fig. 64). In one of these tumors, however, the cells in large areas 
were of stellate shape, were rather widely spaced and displayed a struc- 
tural pattern like that of a tissue culture (fig. 6B). In these areas it 
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Fig. 5—A, mixed tumor of a parotid gland. Note the area of metaplastic 
cartilage. The various stages in the formation of cartilage are well seen. Eosin- 
methylene blue; x 170. B, mixed tumor of a parotid gland, locally invasive. The 
absence of a capsule between the tumor and the normal salivary gland tissue seen 
at the right is shown. At the upper left corner a ductlike structure surrounded 
by basket cells and characteristic of this tumor group is visible. Note that there 
is only a minimal stromal reseponse where the tumor extends into the adipose tissue 
between the normal parotid lobules. Eosin—-methylene blue; x 170. 





Fig. 6—A, myoepithelioma of a parotid gland. The basket cells here resemble 
closely the usual smooth muscle fibers and are arranged in interlacing bundles. Some 
ductlike structures formed by epithelium are present in this tumor but not shown 
in this picture. Eosin-methylene blue; x 170. 3B, myoepithelioma of a parotid 
gland. The basket cells form an anastomosing feltwork and show some cellular 
pleomorphism. Eosin—methylene blue; x 310. C, the same tumor at higher mag- 
nification. The cellular pleomorphism of the basket cells is shown. Note the large 
atypical basket cell in the center. The patient was well and without recurrence 
three years after the excision of the tumor. Eosin-methylene blue; x 670. 


12 





SHELDON—MIXED TUMORS OF SALIVARY GLANDS 13 


was evident that the cells anastomosed with one another by their cyto- 
plasmic processes and formed a loose feltwork. in each tumor there 
are sometimes quite extensive areas in which the cells are large and 
round or oval, without longitudinal cytoplasmic fibrils. Some mitoses 
and cells with large atypical nuclei, as well as unusually large elements 
two or three times the size of the other cells, were found in one of these 
tumors (fig. 6C). 

Some epithelial cells are also present. They are arranged in small 
or medium-sized alveolar or ductlike structures. The cells and the struc- 
tures formed by them are identical with those in the neoplasms of the 
first and second groups. In general they are few, and only in 1 instance 
were they present in appreciable number. Secretory activity is present 
in these cells but not to a significant degree. The alveolar or ductlike 
structures are surrounded by a basement membrane which separates 
them from the tumor cells proper. Only rare inconspicuous basket cells 
are present inside this basement membrane. 

The connective tissue stroma is fairly well vascularized. It varies 
from delicate and small in amount to moderately dense, hyaline and 
abundant. It is nowhere of myxomatous character, and no metaplastic 
cartilage or bone is present. The connective tissue capsule varies in 
thickness from delicate to fairly wide. There is no invasion or penetra- 
tion of the capsule. 

In summary it may be said that these tumors are formed by cells 


of the second type, the basket cells of the salivary gland. Epithelial 
elements are also present but are few and do not participate in the forma- 
tion of these tumors. Here the similarity between the basket cells and 
the smooth muscle cells of conventional type is most marked. Only in 
1 instance did the basket cells display evidence of low grade cancer. 


Fourth Group.—The tumors of the fourth group are related to those 
of the first group, of which they represent the cancer variant. 

These neoplasms are composed of varying-sized lobules. They are 
incompletely or not at all encapsulated. They are markedly cellular, 
but in some areas the neoplastic cells may be rather widely spaced. The 
tumor cells are of the epithelial type (fig. 7.4). In many instances the 
cells are arranged in solid clusters or cords with some small alveolar 
structures visible here and there. An alveolar arrangement with occa- 
sional small or medium-sized cystic dilatations predominates in others. 
In 1 instance a number of large cystic spaces with papillary infoldings 
were found. Some of these papillary infoldings showed a secondary 
alveolar arrangement. The tumor cells where present in solid masses 
are polyhedral. Around the alveolar formations they are cuboid. Cellular 
pleomorphism varies from slight to marked. Metaplasia into stratified 
squamous epithelium with keratinization may be present but is rare. 
On the whole the cells possess fairly large, rather vesicular nuclei with 
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prominent nucleoli. Where the cells are markedly anaplastic two or 
three nucleoli may be present. Mitoses are frequent and often atypical. 
The cytoplasm is quite ample and shows the already mentioned variation 
from clear to finely granular eosinophilic or dense basophilic. There 


Fig. 7.—A, carcinoma of a submaxillary gland. The tumor is invading striated 
muscle seen at the right upper corner. Isolated muscle fibers in various stages of 
degeneration are incorporated in the tumor. The patient died of pulmonary metas- 
tases. Eosin-methylene blue; x 100. 8B, carcinoma of a submaxillary gland. 
Invasion of the nerve sheath by tumor cells. Ten months later the patient was 
reported to have pulmonary metastases and to be moribund. Eosin—-methylene blue: 
<x 300. 
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is evidence of secretory activity. In a few instances this leads to degen- 
eration similar to that previously described, with ballooning of the tumor 
cells and signet ring appearance. Occasionally areas of necrosis are 
encountered. Extensive invasion of the adjoining tissue by the tumor 
has occurred frequently. Portions of uninvolved salivary gland tissue, 
muscle bundles and other components of the surrounding tissue may be 
found incorporated in the tumor at its periphery. Invasion of nerve 
sheaths is a common feature (fig. 7B), and tumor cells are often seen 
in lymphatics and sometimes in small veins. Although most of these 
neoplasms show a high degree of anaplasia and invasiveness, such a high 
degree of canceration is not always present. A low grade of cancer 
with only local invasiveness and partial lack of encapsulation was seen 
in 1 instance. 

Sometimes, although rarely, basket cells are encountered. They are 
present in about the same proportion as in the neoplasms of the first 
group and do not participate in the formation of the tumors. 

In general the tumors have elicited a marked stromal response. This 
stroma consists of moderately well vascularized connective tissue which 
varies in amount and character. Sometimes it is rather meager, fibrillar 
and coarse, while elsewhere it is abundant, dense, hyaline and acellular. 
In a few areas coinciding with degeneration in the tumor cells proper 
the connective tissue stroma assumes a loose, myxomatous and slightly 
basophilic appearance, but this is not a prominent feature. No meta- 
plastic cartilage or bone is found. The stroma may display some chronic 
inflammatory cell infiltration and occasionally evidence of old or recent 
hemorrhage. 

In conclusion one may say that these are cancerous tumors of a 
purely epithelial nature which, like the neoplasms of the first group, 
arise from the epithelium of the salivary glands. The degree of cancera- 
tion varies from local invasiveness to marked anaplasia. The latter is 
more common, and invasion of the nerve sheaths is frequent. The rela- 
tionship to the tumors of the first group is enhanced by occasional degen- 
eration of the tumor cells and subsequent changes in the connective tissue 
stroma. These changes, however, do not assume any major proportions. 


STATISTICAL DATA 


In tables 1, 2 and 3 the following data are shown: the distribution 
of the 54 tumors which form the basis of this report among the four 
groups; the frequency with which the various salivary glands are 
involved; the distribution of the tumors of each group in relation to 
the various glands and to the right and the left side, and the sex 
incidence. 

From these tables it may be seen that the tumors of the second 
group are the most common, while those of the first group are next in 
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frequency, followed at some distance by those of the fourth group. The 
neoplasms of the third group are rare (table 1). 

The parotid gland is the most commonly involved ; the submaxillary 
gland less frequently. Involvement of the other sites, such as the inside 


TABLE 1.—Incidence of Noncancerous and Cancerous Neoplasms in the Four 
Groups and Distribution of the Tumors of the Four Groups 
with Reference to Sides and Sex 








First Group Second Group Third Group Fourth Group 


Total number (54) 19* (35%) (46%) 3 ( 5%) 7 (13%) 
Noncancerous.............. (30%) 2 (67%) 

CS oo6.0.s ouswaccess (20%) 1 (33%) 7 (100%) 

) (28%) lt (50%) 4t (67%) 

1l (61%) (727%) 1 (30%) 2 (33%) 

5 (26%) 5# (20%) 1% (50%) 4 (57%) 

Female........ 14 (74%) 203 (80%) 1l| (50%) 3 (43%) 





There was a marked predominance of the stroma in 12 cases (68 per cent). 
In 1 case the side was not specified. 

Two of these were malignant. 

Three of these were malignant. 

In 1 case the sex was not indicated. 

This tumor was malignant. 


TasLe 2.—Different Sites of the Tumors and Their Frequency of Involvement 








Total Parotid Submaxillary 
Number Gland Gland Epiglottis Hard Palate 


54 45 (83%) 6 (11%) ; 1 (2%) 1 (2%) 





TaBLe 3.—Incidence of Noncancerous and Cancerous Tumors of the Four Groups 
in the Different Sites 








Parotid Submaxillary 
Group Gland Gland Ch Epiglottis Hard Palate 
First group (35%) 
Noncancerous.......... 
eee 


Second group 
Noncancerous 
Cancerous 


Third group 
Noneancerous.......... 
Cancerous 


Fourth group 


Noncancerous.......... 
CORSSTOUS. . c cccccssecces 





of the cheek, the epiglottis and the hard palate, is encountered only 
sporadically (table 2). An analysis of the distribution of the tumors 
of the four groups in relation to the various glands gives similar results 
(table 3). No tumor of the sublingual gland was present in this series. 

The left side was more frequently the site except in the fourth group 
(table 1). Women were more frequently affected than men (table 1). 

The age incidence ranged from the first to the eighth decade with a 
predominance in the fifth and the sixth decade. 
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COMMENT 


That all the 54 tumors of this series originated in the various salivary 
glands is definitely established. 

The tumors of the first group are of a relatively simple nature. They 
are derived from the secreting epithelium of the salivary glands and are 
noncancerous. In a number of instances extensive degeneration of the 
tumor cells occurs and leads to a peculiar myxomatous and later pseudo- 
cartilaginous appearance of the connective tissue stroma. The basis of 
this degenerative process appears to be the normal secretory activity 
of the epithelium of the salivary glands, which, however, is reproduced 
by the tumor cells in a quantitative and probably also a qualitative abnor- 
mal manner. True cartilage formed by metaplasia from the connective 
tissue stroma may further complicate the picture. 

These tumors are best classified as adenoma. 

The neoplasms of the second group are more complicated, since two 
different types of cells participate in their formation. In addition to the 
secreting epithelium, the basket cells, which are a normal component of 
the salivary glands, contribute not only to the tumor but are actually the 
predominating cells. Although in a single tumor neoplastic cells of both 
types are found growing independently of each other, in large portions 
they display a quite characteristic relationship. This consists in small 
alveolar or ductlike structures in which the epithelium forms the inner 
or lining layer, while the basket cells, although in immediate apposition 
with the epithelium, constitute the outer layer. A basement membrane 
is present only peripherally to this outer layer. Thus these neoplasms 
are truly organoid. They reproduce in great detail the normal compo- 
nents and structure of the organ from which they arise, although in a 
distorted and exaggerated fashion. This distortion of the normal picture 
is accentuated by the pleomorphism of the basket cells as well as by the 
described degeneration of the epithelium with subsequent myxomatous 
and pseudocartilagineous appearance of the stroma. In addition, squa- 
mous metaplasia of the epithelium may occur. True cartilage or bone 
which arises by metaplasia from the connective tissue stroma further 
confuses the picture. Most of these tumors are noncancerous but a few 
are cancerous. In these the epithelium shows local invasiveness or even 
canceration, while the basket cells only suggest slight anaplasia. 

The classification of these tumors is difficult. Since they are com- 
posed of neoplastic cells of two different types, consisting of the epithelial 
as well as of the basket cells, the term “mixed tumor” might be reserved 
for this group. 

The tumors of the third group are relatively simple. They are 
formed by the basket cells alone. There may be some epithelial struc- 
tures, but these are not an active part of the tumor proper. They rather 
represent remnants of the normal acini and ducts which have become 
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included in the tumor. In these neoplasms, no myxomatous or pseudo- 
cartilaginous appearance of the connective tissue stroma is seen, and no 
true cartilage and bone are encountered. This is to be expected since 
the peculiar changes in the stroma, and probably also the true cartilage 
and bone, are only the result of degeneration in the epithelial tumor 
elements. The basket cells display a considerable degree of pleo- 
morphism. They may be fusiform and arranged in interlacing bundles, 
thus closely resembling the usual smooth muscle fibers. They may also 
be stellate shape with anastomoses forming a loose feltwork. Sometimes 
they are of round or oval shape and have lost their longitudinal cyto- 
plasmic fibrils. 

These neoplasms may be noncancerous or cancerous, but in this 
series they showed only a low grade of invasiveness. It is difficult to 
name these tumors, which do not fit any of the usual classifications. 
Since they are composed of the basket cells which belong to the contrac- 
tile type of epithelial cells or myoepithelium, the term “myoepithelioma” 
may be indicated. 

The tumors of the fourth group are also quite simple. They are 
invasive and arise from the secreting epithelium of the salivary glands 
in the same fashion as those of the first group. Degeneration of the 
tumor cells and resulting myxomatous or pseudocartilaginous appearance 
of the connective tissue stroma are sometimes present but not prominent, 
and no true cartilage or bone is encountered. The scarcity of these 
changes in the stroma may be attributed to the rapid growth of these 
neoplasms and to the lack of differentiation of their cells since most of 
the tumors in this group are highly anaplastic. Invasion of nerve sheaths 
appears to be their most common route of extension. 

These tumors are best classified as carcinoma. 

Although the four groups presented in this series show distinctive 
features, they are all related to each other and must be regarded as 
variations of a certain type of neoplasm which is frequently referred 
to as “mixed tumor of the salivary glands.” It is probable that varia- 
tions other than those described can occur. Borderline forms are present 
in all four groups and represent merely the connecting link between the 
different groups. They might be included in one or the other group 
according to the individual observer. 

Much of the discussion about the nature of the tumors in question 
has arisen from the peculiar myxomatous and pseudocartilaginous 
appearance of the stroma which is so frequently encountered. The 
findings in this series indicate that this peculiar appearance of the stroma 
is only a secondary phenomenon and is caused by the secretion of the 
epithelial tumor cells with subsequent increase and degeneration of the 
connective tissue framework. This sequence of events had been observed 
by many investigators quoted by Ahlbom.*' The presence of true car- 








SHELDON—MIXED TUMORS OF SALIVARY GLANDS 19 


tilage and bone offered another difficulty in the understanding of these 
neoplasms. The explanation most commonly given, apparently endorsed 
by Ewing,® is that cartilage and bone are derived by direct transforma- 
tion from the neoplastic epithelium. In contrast to this concept, the 
observations reported here indicate that true cartilage and bone are 
formed by metaplasia from the connective tissue stroma. Harvey, 
Dawson, and Innes ® stated a similar belief. 

The presence and the active participation of the basket cells in the 
formation of these tumors do not appear to have been recorded in the 
literature. In many of the so-called mixed tumors of the salivary glands 
the spindle or stellate shape of the neoplastic cells, their arrangement 
in anastomosing feltworks or interlacing strands and their characteristic 
relationship to the epithelial components have frequently been described 
and illustrated. These features have led to the description of a sarcoma- 
tous or an endotheliomatous appearance. 

The resemblance to certain tumors of the skin has been recognized 
and acknowledged by such terms as “cylindroma,” “basal cell carcinoma 
with hyaline stroma” or “adenoid cystic carcinoma.” Because of this 
similarity it has been doubted that the salivary glands actually give rise 
to the neoplasms under discussion. 

The resemblance of the tumors of the second and third groups in 
this series to some of the tumors of the sweat glands is striking. This 
resemblance is caused by the close embryologic relationship of the epi- 
thelia and by the presence of a second type of peculiar cells in both the 
salivary and the sweat glands. The peculiar cells are the basket cells 
in the salivary glands and the myoepithelium in the sweat glands. It has 
already been mentioned that the basket cells belong to the group of 
contractile epithelial cells. This group as a whole is classified as the 
myoepithelium. Sweat gland tumors formed by epithelial and myo- 
epithelial components or by the latter alone have been described by 
Sheldon.* Neoplastic proliferation of the myoepithelium in breast tumors 
has been shown by Hamperl.*? Myoepithelium is also known to be 
present in the lacrimal and ceruminous glands. Although no tumors 
of myoepithelial nature have been described in these locations the 
resemblance of neoplasms arising here to those of the salivary glands 
has been pointed out by Ahlbom? as well as by Tillé and Leroux- 
Robert.® 

Thus the confusing variability of the so-called mixed tumors of the 
salivary glands may be accounted for by three factors. The first consists 


5. Harvey, W. F.; Dawson, E. K., and Innes, J. R. M.: Debatable Tumors in 
Human and Animal Pathology, London, Oliver & Boyd, 1940, chap. 3, p. 17. 

6. Sheldon, W. H.: Arch. Path. 31:326, 1941. 

7. Hamperl, H.: Virchows Arch. f. path. Anat. 305:171, 1939. 


8. Tillé, H., and Leroux-Robert, J.: Bull. Assoc. franc. p. l'étude du cancer 
27:596, 1938. 
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in the neoplastic proliferation of cells belonging to the myoepithelium 
alone or of these cells together with the epithelium. The second factor 
is the myxomatous or pseudocartilaginous appearance of the stroma, 
which is secondary to the degeneration of the epithelial tumor cells. The 
third is the metaplastic formation of true cartilage and bone from the 
connective tissue stroma. 


SUMMARY AND CONCLUSIONS 


The so-called mixed tumors of the salivary glands include cancerous 
and noncancerous neoplasms composed of one or two different types of 
neoplastic cells. 

Both types of cells are normally present in the salivary glands. One 
is represented by the secreting epithelium ; the other, by the basket cells. 
The latter are peculiar smooth muscle cells which belong to the myo- 
epithelium. 

Some of these neoplasms arise from the epithelium. In these tumors 
an excessive and probably also qualitatively abnormal secretion produces 
a peculiar myxomatous and pseudocartilaginous appearance of the con- 
nective tissue stroma. True cartilage may be present and is formed 
by metaplasia from the stroma. 

Other neoplasms arise from both the epithelium and the basket cells. 
These are truly organoid tumors which closely reproduce the normal 
components and structure of the salivary glands. Squamous metaplasia 
of the epithelium, myxomatous and pseudocartilaginous stroma and true 
cartilage and bone may be present. 

A few neoplasms arise from the basket cells alone. 

The presence of myoepithelial cells in these neoplasms accounts 
for the resemblance to tumors of the sweat glands, the mammary glands 
and probably also the lacrimal and ceruminous glands. 








GASTROINTESTINAL INVOLVEMENT IN LYMPHATIC 
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The pathologic changes in the gastrointestinal tract in lymphatic 
leukemia have not been clearly set apart from those of other lymphoid 
diseases. There have been many descriptions under the name of 
pseudoleukemia gastrointestinalis. This, however, included many con- 
ditions of different natures. 

It is our purpose to report here 2 cases of chronic lymphatic leukemia 
with marked gastrointestinal involvement, together with certain 
pathologic characteristics which might help to distinguish lymphatic 
leukemia from other lymphatic involvements of the gastrointestinal 
tract. 

From Jan. 1, 1938 to Jan. 1, 1942, a total of 28 cases of leukemia 
which had been investigated by necropsy were available for study at 
Charity Hospital of Louisiana at New Orleans. Of these, 20 were 
instances of lymphatic and 8 instances of myelogenous leukemia. In 
the lymphatic group there were 13 cases of the chronic, 5 of the subacute 
and 2 of the acute variety, while in the myelogenous group there were 
4 of the chronic, 3 of the subacute and 1 of the acute variety. 

In the following report of the 2 cases only the essential data are 
recorded. 

REPORT OF CASES 

Case 1—A white womar aged 53 was first admitted March 9, 1941, with 
splenomegaly and cervical adenopathy of two years’ duration. Bloody diarrhea 
had been noted for the first time Dec. 9, 1939. Roentgenologic study showed 
marked hyperplasia of the mucosa of the stomach, sigmoid and rectum. The white 
blood cell counts ranged from 14,000 to 22,000; the percentages of lymphocytes 
irom 59 to 70 and those of neutrophils from 30 to 41. A course of high voltage 
roentgen therapy was given, and the patient improved. An attack of bloody 
diarrhea appeared again Feb. 9, 1941, which was present at the time of admission. 

The liver and the spleen were enlarged. No external lymph nodes were 


palpable. Two courses of high voltage roentgen therapy were given to the neck, 
the axilla and the groin. 





_From the Department of Pathology and Bacteriology of Louisiana State 
University School of Medicine, and the Department of Pathology of Charity 
Hospital of Louisiana. 
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On May 13 the patient was much improved. Bilateral axillary and right 
epitrochlear nodes could now be felt. 

The patient was readmitted November 18 with bloody diarrhea of six weeks’ 
duration. Slight general adenopathy was present. Hematologic studies during her 
stay in the hospital gave results as follows: 


3/10/41 4/16/41 5/13/41 11/18/41 





IO, GEOR, .. cetieensenevecocentinenctinnuniese 4.7 9.8 8.8 5.8 
Red blood cells per cubic millimeter ... 1,140,000 3,020,000 2,300,000 1,540,000 
White blood cells per cubic millimeter... 72,000 14,800 8,250 17,850 
Platelets per cubic millimeter................. 145,000 140,000 100,000 40,000 
eo, eee 18 31 26 18.8 
Mean corpuscular volume, cubic microns 159 102 113 122 
Mean corpuscular hemoglobin, micro- 

I. Gitecindtitpcctaicteectntiactaiecs 41 32 38 37 
Polymorphonuclears, per cent 14.5 9 11.5 5.0 
Re, Br BR iccntitniticdsmanvicieniin “taecteinwnie 1 1.0 1.0 
SUDGOOE, SI BN iacitenscenisitoteniencssintles- ciel 1 1.0 1.5 
Lymphocytes, per CeMNt..........ccccccccssesccseees 85.5 89 86.5 92.5 





Fig. 1 (case 1)—Mucosa of the stomach thrown into irregular huge convo- 
luted folds. Small superficial ulcers can be seen. 


During her last stay in the hospital the peripheral blood showed severe 
anemia of the hyperchromic macrocytic type. The patient died December 2. 

Autopsy revealed only a few discrete palpable nodes in the cervical region. 
However, the para-aortic, pancreatic, mediastinal and mesenteric nodes were 
enlarged but discrete. 

The esophagus showed no gross change. The stomach showed involvement in 
its entirety. The mucosa was thrown into huge irregular folds, which resembled 
the convolutions of the brain. They were present throughout the entire stomach 
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but were most marked on the greater curvature and toward the pylorus, where 
they terminated abruptly. Cut sections showed no increase in thickness of the 
musceiat wall, and gross inspection showed only involvement of the mucosa of 
the stomach. Here and there were many superficial ulcers up to 0.5 cm. in diameter 
with hemorrhagic areas (fig. 1). 

The duodenum and the small intestine showed no change. The mucosa of the 
large intestine exhibited a change similar to that of the gastric mucosa and was 
thrown into thickened irregular folds. These also contained numerous ulcers, 
measuring 0.2 to 0.8 cm. in diameter. The muscular and serous coats were intact 

fig. 2). 

The liver and the spleen weighed 1,740 and 410 Gm. respectively, and gross 
examination revealed the typical appearance of leukemic infiltration. The bone 
marrow was viscid and grayish red. The remainder of the organs revealed no 
distinctive pathologic change. Post mortem the bone marrow showed replacement 








Fig. 2 (case 1).—Portion of the rectum and sigmoid colon showing involve- 
ment of the mucosa. Many ulcers are present. 


with lymphocytes. The histologic picture of the lymph node, the spleen and the 
liver was that of chronic lymphatic leukemia. 


Case 2—A Negro woman aged 39 was admitted July 28, 1938 with spleno- 
megaly of four years’ duration. The hemoglobin was 70 per cent, and the total 
white cell count was 294,000. In 1934 and again in 1937 high voltage roentgen 
radiation was given over the splenic region. During 1938 she received a total of 
1,015 roentgens (r) over the spleen. 

She was readmitted July 10, 1939, complaining of weakness, nausea and vomit- 
ing of twelve months’ duration. The total white cell count ranged from 39,850 
to 57,600. 

She was finally admitted October 25, complaining of severe pains in both 
ipper quadrants of the abdomen and of bleeding from the gums and rectum of 
tour weeks’ duration. The stools were tarry during her stay in the hospital. 

Examination showed no general lymphadenopathy but showed enlargement of 
the spleen. There was bleeding from the mouth, nose, anus and vagina. A total 
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of 800r was given over the spleen. Hematologic studies during her stay in the 
hospital gave the following results. 
10/26/39 11/21/39 


Hemoglobin, Gm. 4.0 2.3 
Red blood cells per cubic millimeter 1,800,000 670,000 
White cells per cubic millimeter 96,000 90,000 
Platelets per cubic millimeter 

Hematocrit, per cent 

Mean corpuscular volume, cubic microne........................ 

Mean corpuscular hemoglobin, micromicrograms 

Polymorphonuclears, per cent 

Immature lymphocytes, per cent 

Mature lymphocytes, per cent 


A diagnosis of chronic lymphatic leukemia with acute exacerbation was made. 
She died Nov. 11, 1939. 

Autopsy revealed small lymph nodes in the cervical and inguinal regions. No 
other nodes were palpable. 

The esophagus showed no gross change. The entire mucosa of the stomach 
was thrown into large irregular folds, and many of the rugae measured 3 mm. 
in thickness. This process terminated at the pylorus. Cut sections revealed no 
thickness of the muscular wall but only involvement of the mucosa. The remainder 
of the gastrointestinal tract showed no change. 

The liver and the spleen weighed 2,125 and 450 Gm. respectively, and their 
appearance was typical of lymphatic leukemia. The remaining organs showed no 
pathologic change. 


The histoiogic study of these cases revealed the usual picture of 
lymphatic leukemia. In the following histologic description emphasis 
is placed on the gastrointestinal tract. 


In both cases the involvement of the stomach consisted of an infiltration of the 
mucosa and submucosa by round uniform cells, densely packed. The irregular 
edematous swellings of the submucosa together with the marked cellular infil- 
trations of the mucosa produced excessive exaggerations of the usual mucosal 
folds (fig. 3). In the more affected areas the mucosal glands showed atrophy 
and in some places actual ulceration. 

The infiltration consisted of round cells which were of medium size (8-10 
microns) and had a small amount of cytoplasm and a relatively large nucleus 
with coarse chromatin particles and often irregular nucleoli. Among them there 
were a few paler cells of oval shape (12-15 microns), and their nuclei were poor 
in chromatin. Between these cells there was often a fibrillar network. The blood 
vessels of the submucosa were numerous, distended and filled with red cells. 

In the first case the large intestine was involved in its entire length and 
showed a similar histologic appearance with the exception of more frequent 
ulceration. In the second case the stomach alone was involved. 

The marrow sections and imprint preparations, stained with hematoxylin and 
eosin as well as with Wright-Giemsa stain, showed complete replacement of 
marrow by lymphocytes (fig. 4). The spleen, the liver and lymph nodes showed 
the typical histologic picture of chronic lymphatic leukemia. 
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Fig. 3 (case 1).—Stomach wall revealing the characteristic lymphocytic infil- 
tration of the mucosa and submucosa and the sharp demarcation of this process 
from the muscularis. The submucosa shows edema and vascular dilatation. x 10. 


. Fig. 4 (case 1)—Imprint preparation of sternal marrow stained by Wright- 
siemsa stain, showing complete replacement by lymphocytic cells. x 800. 


( 
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LITERATURE 


The earliest and most classic descriptive effort was made by Briquet 
in 1838 and published in Cruveilhier’s Atlas of Anatomy. He described 
a case in which the mucosa of the stomach and large bowel was thrown 
into folds like “cerebral convolutions.” We know of no better descrip- 
tion or classic designation to depict this lesion. This was followed by 
many presentations of obscure heterogeneous conditions that were 
referred to as pseudoleukemia gastrointestinalis. 

One of the first attempts to clarify this heterogeneous group was 
that by Wells and Maver in 1904.2 They collected 7 cases, to which 
1 of their own was added, which conformed to Briquet’s descriptions. 
Ikeda* in 1931 thoroughly reviewed the literature and studied the 
incidence of gastrointestinal involvement in 78 cases of leukemia that 
came to autopsy. Among these 51 were instances of lymphatic and 
26 instances of myelogenous leukemia. Gastrointestinal lesions as 
definite infiltrations occurred in 2 cases of the lymphatic variety, and 
in 1 case of myelogenous leukemia the gastrointestinal tract showed 
“local thickening.” In 1931 Boikan‘* studied the gastrointestinal 
changes in 14 cases of leukemia that were investigated post mortem; 


11 of these were cases of myelogenous and 3 were cases of lymphatic 


leukemia. In 1 case of the chronic lymphatic variety the-typical brain- 
like convolutions were noted. In this case the mucosa and submucosa 
alone were infiltrated with lymphocytes. 


3ecause of the confusion in the literature concerning this subject, 
it was thought advisable to assemble only those cases of chronic 
lymphatic leukemia which were proved to have been such by the data 
obtained at necropsy. Since Boikan and also Ikeda reviewed the 
literature up to 1931, only the subsequent cases were collected. In all 
except Kramer’s case ® the stomach was involved and showed a gross 
appearanc® similar to that in our cases. His patient for some time had 
aleukemic leukemia and died from ileus. Three areas of intussusception 
were present, due to large Peyer’s patches that nearly occluded the 
lumen. Before death the peripheral blood picture revealed leukemic 
changes. 


1. Briquet, M.: Maladies de l’estomac et des intestins, in Cruveilhier, J.: 
Anatomie pathologique du corps humain, Paris, J. B. Bailliére, 1838, vol. 2, no. 
34, pp. 1-6. 

2. Wells, H. G., and Maver, M. B.: Am. J. M. Sc. 128:837, 1904. 

3. Ikeda, K.: Am. J. Clin. Path. 1:167, 1931. 

4. Boikan, S. W.: Arch. Int. Med. 47:42, 1931. 

5. Kramer. K. W.: Centralbl. f. allg. Path. u. path. Anat. 60:272, 1934. 
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Jorgenson * reported the case of a man aged 56 who was admitted 
with cervical adenopathy of one month’s duration. The total white cell 
count was 74,100, with 81 per cent lymphocytes. The observations at 
necropsy were similar to those in our cases, with marked involvement 
of the mucosa of the stomach and large intestine. The muscularis was 
not involved in the process. Edema of the submucosa was present with 
marked vascular dilatation. 

De Jongh’s * case was that of a man 66 years of age who complained 
of bloody diarrhea for two years. The white blood cell count ranged 
from 18,000 to 23,000, with 57 to 60 per cent lymphocytes. A clinical 
diagnosis of “pseudoleukemia gastrointestinalis” was made. Necropsy 
revealed changes in the stomach and the large intestine identical with 
those in our first case. Histologically, only the mucosa and the sub- 
mucosa. were involved. 

In Liidin’s * case biopsy of a lymph node was considered to have 
demonstrated lymphatic leukemia. Before death the white cell count 
was 38,800, with 78.3 per cent lymphocytes. At postmortem exami- 
nation the gastric mucous membranes were thrown into huge folds up 
to 1 cm. in thickness. Microscopically, only the mucosa and the sub- 
mucosa were involved. 

Steinbrinck’s ® second case was that of a woman 70 years of age 
who complained of epigastric pain. At autopsy a diagnosis of aleukemic 
lymphatic leukemia was made. Infiltrations of the stomach were 
present. 

The case of Touw and Graafland *° was that of a white woman 74 
years of age with severe hyperchromic macrocytic anemia. Tumor 
nodules were present in the scalp. Examination at necropsy revealed 
the mucous membranes of the stomach thrown into huge folds. Destruc- 
tion of bone was seen in the cranium, ribs, sternum and tibia. They 
believed that this was a case of aleukemic lymphatic leukemia. 


COMMENT 


Most of the aforementioned authors emphasized the involvement as 
occurring only in the mucosa and submucosa. This was a distinctive 
feature in both our cases. In Ikeda’s and Boikan’s as well as in our 
own series of cases of leukemia, this change was present only in the 


. Jorgenson, V. J.: Ugesk. f. leger 97:327, 1935. 

. de Jongh, C. L.: Nederl. tijdschr. v. geneesk. 78:3863, 1934. 

. Liidin, M.: Réntgenpraxis 5:816, 1933. 

. Steinbrinck, W.: Folia haemat. 59:351, 1938. 

. Touw, J. F., and Graafland, C. A.: Acta med. Scandinav. 102:124, 1939. 
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lymphatic and not in the myelogenous variety. The diffuse involvement 
of the mucosa and submucosa, without further aggression, is a dis- 
tinguishing feature in the majority of cases of lymphatic leukemia. 
However, similar gross changes may occasionally occur in the less 
aggressive types of lymphosarcoma. 


SUMMARY 


Two cases of chronic lymphatic leukemia with marked gastro- 
intestinal changes were observed among 20 cases of lymphatic leukemia 
which came to necropsy. The characteristic gross and microscopic 
appearances have been described. 





ELASTIC TISSUE 


Il] RELATIONS BETWEEN THE STRUCTURE OF THE AGING AORTA 
AND THE PROPERTIES OF THE ISOLATED AORTIC 
ELASTIC TISSUE 


GEORGE M. HASS, M.D. 


NEW YORK 


One approach to the study of elastic tissue in the human aorta is 
based on simultaneous analyses of the intact vascular wall and the elastic 
system isolated from the vascular wall. The first step in this approach 
was the development of a method for the isolation of elastic networks 
without undue loss of their native properties... The second step was a 
comparison of the measurements of extensibility, retractility and tensile 
strength of the purified elastic networks with corresponding measure- 
ments of the wall of the aorta from which the networks were isolated.* 
The mechanical and dynamic behavior of the isolated systems did not 
correspond with the behavior of the intact vascular walls. It seemed 
reasonable to search for causes of the divergent behaviors by recourse 
to studies of microscopic structure. The present report is concerned 
with the morphologic aspect of the problem as presented by 34 aortas 
ranging in age from O to 77 years. 


DETERMINATIONS OF THE QUANTITY OF ELASTIC TISSUE 


The quantity of elastic tissue in each of the 21 aortas was determined 
by a method which has been described. Values were obtained for the 
loss of weight of each aortic wall at the end of twenty-four, forty-eight 
and seventy-two hours of extraction. In each instance a constant loss 
of weight was reached at the end of seventy-two hours. The residues, 
composed principally of intact elastic systems, possessed an approximate 
standard degree of purity. 

The average quantity of elastic tissue in the series of 21 aortas was 
37.9 per cent, with maximum deviations of + 5 and —9 per cent 
(table 3). 

Thirteen aortas were not analyzed for content of elastic tissue. In 
estimations of tensile strength the stated average value of 37.9 per cent 
was used as an approximation to the probable quantity. 


From the Department of Pathology of Cornell College of Medicine. 
1. Hass, G. M.: Arch, Path. 34:820, 1942. 
2. Hass, G. M.: Arch. Path. 34:971, 1942. 
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MEASUREMENTS OF EXTENSIBILITY 


The methods by which measurements of extensibility were made 
have been described.? 

The initial measurements of the fresh unextracted aorta were made 
at 5 or 10 Gm. increments of load up to a weight of 220 Gm. The 
elongation under a load of 220 Gm. was arbitrarily taken as a standard 
measure of near maximum extension. 

The curves of extension of a few intact vascular rings are shown 
in figures 1 to 4. These figures show that the shapes and amplitudes 
of the curves of extensibility of a series of contiguous rings from the 
same aorta are similar. Also, there is a close resemblance among the 
forms of the curves of extension of different aortic walls. The ampli- 
tudes of the curves, however, of the several aortas are different. 

Though these curves have not been analyzed by mathematical meth- 
ods, direct inspection discloses an approximate logarithmic form. 

After the extensibility of intact vascular rings had been measured, 
all components except elastic tissue were extracted.’ Satisfactory puri- 
fication of the elastic tissue required extraction for seventy-two hours, 
but vascular rings were routinely studied after twenty-four, forty-eight 
and seventy-two hours of extraction. 

At the three successive stages of purification, the extensibility of 
the residues of vascular rings was measured at increments of 5 or 10 


Gm. of load up to a variable breaking load. The details of the method 
have been described.” 


The data in the graphs and tables show that the extensibility of 
isolated elastic networks cannot be predicted from knowledge of the 
extensibility of the intact vascular walls from which they are obtained. 
The curves of all the intact walls are approximately logarithmic. The 
curves of the isolated elastic systems of young aortas are nearly linear 
(figs. 1 and 2A). The curves of aged systems resemble arcs of circles 
or segments of sine curves (figs. 2B, 3 and 4A). 

Each graph shows that prolongation of the extraction of similar 
aortic rings is accompanied by an increase in the slope of the extensibility 
curve. This is due partly to the extraction of nonelastic components 
which possess a measurable degree of tensile strength. The restraining 
action of these components is negligible after forty-eight hours’ extraction. 

A second factor in the increasing slope of extensibility curves during 
extraction is the degradation and solution of elastic tissue. The prob- 
able rate of solution is 2 to 5 per cent every twenty-four hours. The 
rate of degradation from a physical point of view is somewhat greater 
since the decrease in tensile strength in the forty-eight to seventy-two 
hour interval is about 10 per cent. 

Despite the decrease in tensile strength, maximum extensibility of 
networks remains fairly constant during the twenty-four to seventy-two 
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hour interval. This is represented by the end points of the twenty- 
four, forty-eight and seventy-two hour curves. These points are impor- 
tant representations of the quality of the elastic tissue. The position 
of these points when plotted vary greatly among the thirty-four isolated 
systems. One variable which influences the positions of the points is 
the cross-sectional area of each elastic ring. If cross-sectional areas 
are adjusted to a standard value, there is a close correspondence of the 
slopes of all curves. Hence, it may be concluded that if an intact strand 
of elastic tissue from an infantile aorta extends 1 cm. under a tension of 
1 Gm., an intact strand of equal dimensions from an aged aorta will 
likewise extend 1 cm. under a tension of 1 Gm. But, though the slopes 
of all curves when corrected are nearly equal, their lengths are unequal. 
The inequalities are functions of fragility, as represented by tensile 
strength. 
MEASUREMENTS OF RETRACTILITY 


Four sets of measurements were necessary for calculation of retrac- 
tion: first, the circumference of the intact aortic ring before application 
of load; second, the circumference of the ring after removal of load; 
third, the circumference of networks at successive stages of purification ; 
and fourth, the circumference of purified networks after application and 
removal of load. 

All data are not recorded in the tables. In general, all rings from 
the same vessel had similar retractility though variations were encoun- 
tered among the several vessels. The capacity of all vascular rings to 
retract increased during extraction up to the stage of suitable purifi- 
cation of networks. The values obtained after zero and seventy-two 
hours of extraction are recorded in table 1. 

Two types of retractility were noted. The first type occurred spon- 
taneously in the absence of applied load during neutralization of the 
acidic isolated networks. The second type occurred after application and 
removal of loads. 

The spontaneous retraction on neutralization of networks is of two 
varieties. The first type is related to extension of elastic networks 
under the influence of a chemical force. The second type is related to 
removal of nonelastic components from the vessel wall. 

When aortic rings at zero load are placed in 89 per cent formic 
acid, there is gradual elongation. This elongation is of the same 
order of magnitude as the extension realizable by application of mechan- 
ical tension. The chemical extension is maintained during purification 
of the elastic tissue. On neutralization of the purified networks, there 
is spontaneous retraction. In the case of young aortas the neutralized 
elastic tissue returns to the original length. In several other instances 
the neutralized rings retract to a circumference which is less than that 
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of the intact aortic wall from which they were obtained. The data in 
table 1 show that this excess spontaneous retraction is principally a 
characteristic of aged networks, especially those obtained from dilated 
and tortuous aortas. I believe that this is not an intrinsic property of 
aged elastic tissue but is a result of removal of constraints which main- 
tain elastic networks of the aged vessel under constant tension after 


Tas_Le 1.—Retractility of Each Intact Aorta and Each System of Elastic Tissue * 
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* The difference between the circumference of the intact aorta and that of the isolated 
elastic ring is due to spontaneous retraction at zero load during extraction. The failure of 
the intact aorta and the isolated system to retract after near maximum extension is repre- 
sented by percentages in the two right hand columns. 


all external mechanical forces are removed. It is probable that the 
constraints are collagenous and that they operate in all axes of the 
intact aortic wall. A special study of the relationship between the mag- 
nitude of spontaneous retraction of elastic networks during purification 
and the elongation, dilatation and tortuosity of aged arterial channels 
is indicated. 

The retraction of the intact aorta after near maximum mechanical 
extension is never sufficient to restore the vascular ring to its initial 
circumference. The degrees of incomplete retraction are recorded in 
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column 5 of table 1. The average is 8.9 per cent of the original cir- 
cumference. 

The retraction of isolated networks after near maximum extension 
is always greater than that of the aortic walls from which the networks 
were obtained. The values are recorded in column 6 of table 1. The 
average permanent elongation is 3.3 per cent of the final resting circum- 
ference of isolated networks. With due allowance for mechanical dis- 
tortion incidental to application of breaking loads, this figure may be 
accepted as evidence of nearly perfect elasticity within limits of exten- 
sibility. 

MEASUREMENTS OF BREAKING LOADS 

Intact vascular rings will support very heavy loads. Breaking loads 
were not measured. 

Measurements were made of loads which ruptured elastic rings 
after twenty-four, forty-eight and seventy-two hours of purification. 
The experimental values are recorded in the three right hand columns 
of table 2. There are great variations among these values due to varia- 
tions in purity, dimensions and fragility of the elastic networks. 

The average breaking loads after twenty-four, forty-eight and 
seventy-two hours’ extraction of aortic walls are 112.4, 83.8 and 76.6 
Gm., respectively. These differences indicate that in the average seg- 
ment other components than elastic tissue contribute to the tensile 
strength at the end of twenty-four hours of extraction. The contribu- 
tion of extraelastic components to the total strength diminishes in the 
twenty-four to forty-eight hour interval and is reduced to a negligible 
value after forty-eight to seventy-two hours of extraction. In this inter- 
val and in intervals after seventy-two hours the reduction in the average 
value for the breaking load is attributed to reduction in the tensile 
strength of elastic networks. This reduction is about twice as great 
as the value predicted by knowledge of the approximate quantity of 
elastic tissue dissolved by the reagent used for purification. In other 
words, from the physical point of view elastic tissue is degraded more 
rapidly than it is dissolved. 

There are several conspicuous exceptions to the average behavior. 
Further studies will be necessary before an explanation that will com- 
prehend all exceptions can be given. 


DETERMINATIONS OF THE TENSILE STRENGTH OF 
ISOLATED NETWORKS 


Methods for the estimation of tensile strength have been described.? 
Values for the tensile strength of elastic networks derived from 21 of 
the 34 aortas in this series were calculated. The results pertain to the 
tensile strength of networks after seventy-two hours of extraction and 
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are expressed in grams per square centimeter of cross-sectional area 
of elastic tissue reduced to dryness under the tension of a breaking 
load. 

Values for the tensile strength of 13 of the 34 aortas were estimated 
by approximate methods. All values except the percentages of elastic 


Tas_e 2.—Relations Between the Morphologic Changes in the Aortic Wall 
and the Changes in the Values for Near Maximum Extension and 
Breaking Loads During Purification of the Elastic Networks 
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tissue were known. The average percentage, obtained by a study of 
21 aortas, was substituted for the unknown values in the formula for 
the estimation of tensile strength. The maximum error accompanying 
this substitution is no greater than 25 per cent. 

The tensile strength of the elastic tissue of each aorta is recorded 
in table 4. The values range from 1,170 to 6,750 Gm., with an average 
of 3,700 Gm., per square centimeter. 
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THE MORPHOLOGIC DATA 


At least 4 vascular rings from each aorta were studied microscopi- 
cally. One was a representative intact cylinder of the thoracic aorta. 
The remainder were similar control rings, extracted for twenty-four, 
forty-eight and seventy-two hours. They were fixed for twenty-four 
hours in Zenker’s solution. The sections were stained by Mallory’s 
aniline blue-orange G technic for demonstrating collagen and by the 
Weigert-Van Gieson method for staining elastic tissue. 

The morphologic findings in the intact vascular segments were classi- 
fied and graded in relation to the intima and the media. Estimates 
were made of the amounts of collagen and lipid in the intima. Any 
increase in collagen or lipid in the intima was always accompanied by 
an unestimated variable increase in elastic tissue. 

The microscopic study of the media was restricted largely to an 
evaluation of increments in collagen and changes in structure of elastic 
tissue. In order to facilitate comparisons, the modifications of collagen 
were divided into three types. One type was a diffuse increase in 
collagen. A second was a focal increase in collagen. A third was a 
globular form of material which may not be collagenous. 

The diffuse increase in collagen between elastic lamellae of the 
media is a well recognized morphologic change and in general becomes 
more conspicuous with advancing age. 

The focal increase in collagen in the media has not, to my knowledge, 
been described. This is first observed in early life. The first evidence 
of the increase is a local condensation of bundles of delicate fibrils. 
These condensations occur in pairs, one on each surface of an elastic 
lamella. For this reason I have designated them as collagenous splints. 
They are roughly triangular in outline, the base of the triangle adjoining 
the elastic lamella and the apex projecting into the interlamellar region. 
They are usually larger and more conspicuous in adult than in young 
aortas. They reach maximum size in middle age and often are so com- 
pact that they seem to be homogeneous. They stain as does collagen 
with aniline blue, but not infrequently they also lightly accept the 
resorcinol-fuchsin elastic tissue stain. 

The material classified as globular collagen is present in a few aortas. 
It has the same spatial distribution as the collagenous splints. It is pos- 
sible to trace all stages of transformation of the collagenous splints into 
globular material. The globules, which vary from invisibility to about 
10 microns in diameter, occur in aggregates. They possess some stain- 
ing affinities of collagen but lack distinct fibrillar structure. 

There are two significant morphologic changes in the elastic tissue 
of the media. The first change is the presence of structures which 
resemble crystals in the substance of elastic lamellae. The second change 
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Figure 5 


(See legend on opposite page) 
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is an accentuated discontinuity with atrophy of elastic lamellae. These 
findings are evaluated in a rough quantitative way, as shown in table 4. 

The structures which resemble crystals are found in the aortas of 
a few middle-aged adults. With increasing age they are found less 
frequently and apparently are not present in aortas over 70 years of 
age. They occur in the axes of elastic lamellae at points where collag- 
enous splints are found. Many are very small and are embedded in the 
elastin. Others are long narrow fusiform structures which occupy the 
axis of the elastic lamella for distances of 20 to 50 microns. They pre- 
sent transverse striations and are often divided into a chain of rec- 
tangular structures. They are unstained in the usual preparations, but 
there is often an accentuation of the depth of staining of elastic tissue 
in the immediate vicinity of the crystals. These features of form, dis- 
tribution and structure are illustrated in figure 5. The crystals are 
highly refractile and are birefringent when viewed through crossed 
Nicol prisms. They are insoluble in fat solvents and resistant to the 
action of acids. Because of their optical properties, they are designated 
as axial crystals, although it is realized that there is no proof that they 
are either crystalline or even naturally occurring. 

Discontinuity of elastic lamellae with variable degrees of atrophy 
is not conspicuous before the sixth decade of life. The discontinuities 
before the sixth decade of life are usually located at points occupied 
by axial crystals or splinted by bundles of collagen. Under these cir- 
cumstances they are small. When they are large, no relationships to 
crystals or collagenous splints can be demonstrated. With the appear- 
ance of numerous broad discontinuities in elastic membranes, the lamellae 
often show atrophic changes. Collagen occupies the fenestrations in the 
membranes and diffusely increases throughout the interlamellar spaces. 
This morphologic picture is most conspicuous in aged aortas of low 
tensile strength. 


CORRELATION OF MORPHOLOGIC PICTURE AND AGE 


The changes in the intima in this series of aortas are the usual 
changes encountered with advancing age. 

The first change in the media with increasing age is the appearance 
of juxtalamellar collagenous splints. These are fairly numerous in the 
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A, Weigert-Van Gieson preparation of an aorta. Several dark irregular areas 
in the substance of numerous elastic lamellae are shown. At each of these points 
the axial crystalline change described in the text and illustrated in B is found. 

B, high power photomicrograph of one of the dark intralamellar areas shown 
in A. This sharply demarcated area interrupts the normal continuity of the elastic 
lamella. The optical properties of the material indicate that it is crystalline, and 
its solubilities indicate that it is neither a deposit of lipid nor one of calcium. 
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aorta of the 12 year old child. They are present in variable numbers in 
all older aortas, being more conspicuous in middle age than in the 
eighth decade of life. 

The globular collagenous juxtalamellar masses have about the same 
topographic distribution as the collagenous splints, but they occur with 
less regularity and in older aortas. 

The diffuse increase in collagen throughout the media does not 
become conspicuous prior to the sixth decade. The 2 oldest aortas 
present the best examples of diffuse fibrosis. 

Discontinuity with local atrophy of elastic lamellae is a prominent 
change in a few aortas of advanced age. It is not a necessary accom- 
paniment of age since no significant discontinuities were found in the 
lamellae of an aorta 73 years of age. 

Axial crystals in elastic membranes have a peculiar age incidence. 
The youngest aorta in which they were found was that of a man 35 
years of age. Crystals were found in 7 of 23 older aortas. As a rule, 
the older the aorta the less conspicuous were the crystals. No crystals 
were found in the 7 oldest aortas. As a rule, the crystals were accom- 
panied by collagenous splints. 

In brief, therefore, axial crystals, when they occur, appear only 
in elastic lamellae of middle-aged people. They diminish in frequency 
as diffuse medial fibrosis with discontinuity of elastic lamellae becomes 
increasingly conspicuous. In occasional aortas a spatial and temporal 
coincidence of axial crystals and discontinuity of lamellae is demon- 
strable. The nature and genesis of the spatially related collagenous 
splints, crystal patterns and discontinuities are not clear. Incomplete 
studies indicate that the crystal patterns, at least, are most numerous 
in aortas from patients with severe hypertensive cardiovascular disease. 


CORRELATIONS OF MORPHOLOGIC PICTURE, AGE AND 
EXTENSIBILITY OF ELASTIC SYSTEMS 


The intact vessel has low extensibility in infancy and in old age. The 
limitation of extensibility in old age increases in rough proportion to the 
increase of collagen in the intima and media. 

The intact vessel is most extensible in the second and third decades 
of life. It is at about this stage of life that collagenous juxtalamellar 
splints acquire prominence. At a slightly older age the axial crystals 
in elastic lamellae often make their appearance in relation to the collage- 
nous splints. . 

The isolated elastic networks display greatest extensibility in infancy. 
As a rule, extensibility is reduced with increasing age. The magnitude 
of this reduction in individual cases cannot be predicted from a knowl- 
edge of the morphologic appearance or extensibility of the intact aorta 
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from which the networks were isolated. For instance, the elastic systems 
isolated from 2 vessels, aged 70 and 73 years, possessed extensibilities 
of the same high order as infantile elastic systems. This became evident 
only after removal of constraints which restricted the extensibility of 
the networks in the intact vascular walls. 

In contrast to this behavior of certain elastic systems after removal 
of constraints, there were several isolated systems which had less exten- 
sibility than the intact vessels. The best examples are those at 12, 24, 
35, 44 and 50 years of age. All of these vessels had conspicuous collag- 
enous splints, and 2 of them had numerous axial crystals. 


TABLE 3.—Relations Between the Morphologic Changes in the Aortic Wall, the 
Percentage of Elastic Tissue, the Minimum Cross-Sectional Area of the 
Isolated Elastic Tissue and the Tensile Strength of the Elastic Tissue 








Morphologic Changes Tensile 
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—ov—— Media Tissue, Section, ‘ Tissue, Gm. 
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Despite great variations in the magnitude of extensibility of differ- 
ent networks, the shapes of the extensibility curves were similar. The 
differences in the slopes are more apparent than real because all the 
curves are reduced nearly to a common slope when values are adjusted 
to correct for differences in cross-sectional areas of various isolated 
elastic rings. Hence, within the limits of variable fragility the usual 
response of the elastic system to an applied load is independent of age 
or morphologic change. 


CORRELATIONS OF MORPHOLOGIC PICTURE, AGE, 
EXTENSIBILITY AND RETRACTILITY 


No consistent relationships between morphologic appearance, age, 
extensibility and retractility of intact vascular walls were found. The 
impression was gained that measurements of speed of retraction might 
reveal some interesting correlations. 
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On release of loads producing near maximum extension the retrac- 
tility of isolated networks was always greater than that of the corre- 
sponding intact vascular walls. On release of loads producing half 
maximum extension the isolated networks exhibited, for practical pur- 
poses, perfect elastic retraction. The data in tables 1 and 4 show the 
similarity of retractile powers of different networks after near maximum 
extension and the lack of any influence of age or morphologic change 
on the capacity to retract. 

One type of retraction does depend on age and morphologic change. 
This is the spontaneous retraction of a few networks at zero load after 
extraction of nonelastic components of the vascular wall. As shown 
in tables 1 and 4, this behavior is encountered especially among aged 
dilated aortas of low extensibility. It seems that the networks in these 
vessels are maintained in a state of slight extension by dense collagen 
that passes between the elastic lamellae and through the discontinuities 
in the membranes. 


CORRELATIONS OF MORPHOLOGIC APPEARANCE, AGE, EXTENSI- 
BILITY, RETRACTILITY AND TENSILE STRENGTH 


As a rule, isolated elastic systems of average or greater than average 
tensile strength possessed an average or greater than average extensi- 
bility. This relationship was not quantitative. Presumably, lamellae of 
high quality and continuity persisting alongside networks of poor quality 
or discontinuous structure are responsible for the absence of a better 
quantitative relationship. 

The degree of retraction of isolated networks after near maximum 
extension was similar for all networks and was therefore independent 
of tensile strength. 

The tensile strength of infantile elastic systems was not as great 
as that predicted from morphologic studies. However, the average value 
exceeded the average value for the entire series. A more precise method 
for measuring tensile strength should be developed before data with 
respect to the delicate aortic rings of infancy are accepted as having 
quantitative significance. I do not believe that the estimates shown in 
the last column of table 4 are close to the true values. 

In early adult life the isolated elastic networks, with occasional 
important exceptions, have a high tensile strength. 

In the late decades of life the tensile strength of isolated networks, 
with but one exception, falls to a low value. The lowest value, 1,170 
Gm. per square centimeter, at 74 years of age, is to be compared with 
the maximum value, 6,750 Gm. per square centimeter, at 28 years of 
age. 

From infancy until the fourth decade of life the only significant 
morphologic change is the appearance of collagenous splints in the 
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media. The observed number of splints is not specifically related to the 
tensile strength of isolated networks. 

Nine aortas between the ages of 28 and 51 were studied. Five had 
networks with tensile strengths of 4,000 to 6,750 Gm. Four networks 
had tensile strengths varying from 2,400 to 3,500 Gm. Of the 4 vessels 
with low tensile strength, 3 had a large number of axial crystals in the 
elastic lamellae and a corresponding number of associated collagenous 


TasLe 4.—Relations Between the Morphologic Changes in the Media of 
the Aortic Wall and the Tensile Strength of the 
Isolated Elastic Networks 








Morphologie Changes in Media 
— 


Oollagen Elastic Tissue Tensile 
A r A a Strength, 
Intrinsic Atrophy and Gm. per 

Diffuse Globular Splint Orystals Discontinuity Sq. Om. 


3600 (est) 
4870 

3000 (est) 
5100 (est) 
5830 (est) 
3600 (est) 


5040 
6600 (est) 
3240 (est) 
6750 


3140 





r 








7 


z 
? 
b> 
oR 
# 
“ 
“ 


be 4 + 
+g tttHHHHHHH 
eoocooccoocoocoo 


2400 


rt 
+++ootoocotococcos 


“fp 


4 
+ 
+ 
+ 


50 
24 
44 
54 
35 
23 
38 
28 
56 
55 
42 
41 
52 
34 
39 
53 
47 
36 
45 
26 


+ 
+oolocee 


+ 
+ 


+ + 
+tooott+t+ooce 
+ + 
+ 
+ 


+ 
+ 
cooooeo4cSe 


fe 
+o 


5470 (est) 
1170 (est) 
1490 


oo 


+ot 
+ 





splints. One vessel with high tensile strength had rare axial crystals, 
and another vessel with high tensile strength had numerous collagenous 
splints. Other morphologic changes in the intima and media were not 
conspicuous, though the usual average increase in collagen that is 
expected in this age interval was encountered. It is possible to con- 
clude from these data that the presence of axial crystals in elastic lamel- 
lae is the first morphologic evidence of reduced tensile strength of elastic 
systems in early middle life. 

In the late decades of life there is an average progressive reduction 
in tensile strength. The morphologic counterparts of this reduction are 





44 ARCHIVES OF PATHOLOGY 


increase in collagen in the intima, increase in diffuse collagen in the 
media, increase in discontinuity with atrophy of elastic lamella, decrease 
in the number of collagenous splints and decrease to zero of axial 
crystals at advanced age. Among the positive findings, discontinuity of 
elastic lamellae is the morphologic change which is most closely related 
to reduction in tensile strength of the aged aortic elastic tissue. 


A CONCEPT OF SEQUENCES IN ATHEROSCLEROTIC 
VASCULAR DISEASE 


In general, it is possible to account for most findings in the case of 
atherosclerosis if it is assumed that there has been prolonged imbalance 
between the tension on the walls of vascular structures and the capacity 
of these structures to compensate for the imbalance. The imbalance 
may be a consequence of changes in blood pressure or of changes in 
the wall of the vessel or of both. Observations indicate that in general 
the imbalance is due to an elevation of intravascular pressure whether 
this is in the peripheral arterial system, in the pulmonary arteriovenous 
system or in the portal venous system, and that in the absence of other 
compensating forces the result is atherosclerosis. It is clear that the 
elastic systems, especially those in highly extensible vessels, must bear 
the brunt of the uncompensated elevation of tension. 

According to the present studies, the elastic systems of the infantile 
aorta are in a position to withstand undue elevations of internal pressure 
because they are protected against overdistention and cannot be brought 
to their maximum extensibility by application of very large loads. 
There is a protected reserve. By the end of the second decade of life 
there is no protected reserve. By application of moderate tension the 
elastic networks in the wall of the intact vessel become extended to 
or beyond the maximum attainable by isolated networks. Hence, in the 
early decades of middle life the elastic system of the aorta is most 
susceptible to injury by an increase of tension on the vascular wall. 
It is during this period of life that collagenous juxtalamellar splints 
appear, and at a slightly older age, in the fourth and fifth decades, the 
elastic lamellae between these splints often show a peculiar form of 
axial crystallization. This is the earliest morphologic sign of a reduc- 
tion in the tensile strength of networks. In the course of time the 
lamellae undergo local disintegration at foci of axial crystallization. 
The membranes develop broad discontinuities which become filled with 
collagen that increases generally in the interlamellar spaces. Though 
some membranes remain intact, the tensile strength of the elastic systems 
is reduced to a low level. Distention and elongation of the vascular 
walls occur with collagenous fixation of the residual networks in a 
state of moderate extension. Extraction of the collagen permits retrac- 
tion of these networks to near normal dimensions. Once free from 
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constraints, they display, irrespective of age, elastic properties which 
within the limits of extensibility are identical with those of infantile 
elastic tissue. 

The concept which has been presented accounts for most coinci- 
dences of physical measurements and morphologic findings. It fails, 
perhaps, to place correct emphasis on the morphologic changes in the 
intima. The possible failure is due to the judgment that the intimal 
changes represent a fortuitous accumulation of lipids in a collagenous 
splint that is deposited in response to a primary failure of medial systems 
to maintain integrity of function in the presence of imposed tensions. 


SUMMARY 


It is not possible to predict the mechanical or dynamic behavior of 
isolated elastic networks from knowledge of the behavior of the aortic 
walls from which they are obtained. The average purified networks 
are more extensible than the intact aorta. The extensibility is greatest 
among young networks and usually decreases with age, but occasional 
aged elastic systems have the characteristic high extensibility of youthful 
tissue. 

The low extensibility of aged dilated intact aortas is partly due to 
the fact that at zero load the elastic networks are under tension. When 
the constraints responsible for this constant tension are removed, the 
elastic networks spontaneously retract to the dimensions of an undilated 
aorta. 

After removal of mechanical or chemical forces, either of which may 
produce near maximum extension, all purified elastic systems, irrespec- 
tive of age, exhibit identical and almost perfect retraction. 

The tensile strength of isolated networks is, as a rule, high in the 
early decades and low in the late decades of life. When elastic systems 
with low tensile strength are encountered in middle life, peculiar crystal 
patterns abutted by collagenous splints are found in the axes of elastic 
lamellae. Elastic systems with low tensile strength in late life have 
conspicuous discontinuities but no axial crystals. The evidence indicates 
that some of these discontinuities arise by disintegration of elastic lamel- 
lae at focal points of collagenous splinting and axial crystallization. The 
genesis of these medial changes and their contribution to the formation 
of atherosclerotic lesions remain obscure. 





ADRENAL RESTS IN THE KIDNEY 


NATHAN MITCHELL, M.D. 


ALBANY, N. Y. 
AND 


ALFRED ANGRIST, M.D. 
JAMAICA, LONG ISLAND, N. Y. 


As late as 1940 the statement “adrenal rests occur so infrequently 
in the kidneys that they seem relatively unimportant in explaining the 
development of cancer of the kidney in adults” appeared in the liter- 
ature." It is the purpose of this presentation to refute that statement 
by describing 23 instances of adrenal rests in the kidneys, encountered 
in 2,896 autopsies in a six year period at the Queens General Hospital. 
Nelson? adequately reviewed the reported cases of aberrant adrenal 
tissue in various sites. Of those authors who have described studies 
of adrenal rests in kidneys he cited Lubarsch, and Glynn and Brites. 
Lubarsch found adrenal cortical tissue in 8 kidneys of 300 autopsies. 
Brites listed 10 cases of aberrant adrenal tissue in a series of 376 cases 
in which the kidneys were examined. Glynn, and Brites in a later 
study, found no instance of adrenal cortical tissue in 1,500 cases. In 
a group of 630 autopsies by Nelson, 5 instances of accessory adrenal 
tissue under the renal capsule were encountered. 

Excluded from this study are those cases of adrenal heterotopia 
described by Weller,® and duplication of the adrenal. The cases listed 
in the accompanying table are those in which microscopic sections have 
substantiated the gross diagnosis of ectopic adrenal tissue. 


INCIDENCE 
It may be stated at this juncture that the true incidence of adrenal 
rests in kidneys is a direct function of the care which is taken in the 
dissection of the kidneys during routine autopsy procedures. To illus- 
trate this point, the six year period of this study may be divided into 


two parts. Only during the latter two and one-half years was a con- 


From the Department of Pathology of Queens General Hospital. 
1. Caspar, I. A.: New York State J. Med. 40:1209, 1940. 

2. Nelson, A. A.: Arch. Path. 27:955, 1939. 

3. Weller, C. V.: Am. J. M. Sc. 169:696, 1925. 
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scious effort made to note the presence of adrenal rests and to establish 
the diagnosis with certainty in all such instances by taking sections for 
microscopic study. It should be emphasized further that the incidence 
cited in the table is undoubtedly not a true figure. Serial sections were 
not made, and many minute lesions were not confirmed microscopically 
because of inadequate histologic technic. Thus, while there have been 
recorded in this laboratory only 23 instances of adrenal rests out of a 
total of 2,896 autopsies, fully 22 have been observed during the last 
1,806 autopsies from July 1, 1939 to Jan. 1, 1942. During the latter 
interval, the renal capsule of each of the two kidneys was carefully 
stripped away from the underlying cortex, so that every millimeter of 
cortex was examined. Every suspicious nodule of tissue that appeared 
to be different from the regional renal cortex was studied histologically. 

The table indicates the distribution of the recorded cases by decades 
of life. 


Distribution by Decades 








Total Number of Cases 
in Autopsy Series 


522 
109 
202 
256 
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The ages ranged from 1 year to 76 years, with a mean age of 42.3. 
The increase of incidence with advancing age is only apparent, for the 
neonatal group of cases was not studied as carefully grossly, and histo- 
logic confirmation was lacking in many instances. 


GROSS APPEARANCE 


The adrenal rests invariably appeared as bright yellow flattened 
nodules of soft semitranslucent tissue situated beneath the renal capsule 
(fig. 1.4) or adherent to its inner surface. In the majority of instances 
the nodule was found at or near the upper pole of the kidney. Occa- 
sionally one was seen near the midzone. The nodules were remark- 
ably uniform in size, most measuring no more than 3 to 4 mm. in their 





Fig. 1—A, small flattened and sharply delimited adrenal in the midzone of a 
kidney. B, transected oval mass of ectopic adrenal showing centrally placed brownish 
area resembling zona reticularis, at extreme right of figure. 


C, subcapsular adrenal 
rest showing well developed zona glomerulosa and zona fasciculata without under- 
lying delimiting capsule. 
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largest diameter. On section the nodules penetrated into the subjacent 
renal cortex for a distance of 0.5 to 1 mm. Usually a sharp line of 
demarcation was seen at this point. Some of the nodules revealed a 
central area of brownish discoloration which resembled zona reticularis 
(fig. 1B). In a few instances the rest was stripped with the capsule. 
In others rest tissue remained on the capsule and on the kidney surface. 


MICROSCOPIC APPEARANCE 


The typical adrenal rest nodule presented itself as columns of 
adrenal cortical cells situated beneath the true renal capsule. The zona 
glomerulosa and fasciculata were almost invariably present (fig. 1C), 
while a less common finding was that of cells resembling the zona reticu- 
laris. In none of the ¢ases was adrenal medullary tissue found. 
Changes commonly observed in normally situated adrenal tissue, as 
focal and diffuse lipoidosis, were noted in the adrenal rests. Areas of 
liposis (fig. 2.4), cysts of microscopic size and marked congestion of 
the zona reticularis were seen on occasion. Some of the cysts might 
well represent included cystic, dilated renal tubular elements. Although 
the true renal capsule formed the outer covering of each of the nodules 
described, occasionally another partial capsule separated the adrenal 
cortical tissue from the underlying renal parenchyma over wide zones. 
It is significant that this inner capsule was invariably incompletely 
formed. In 1 case there was a rather marked irregular deep penetration 
of the adrenal tissue in among the renal tubules. The presence of 
papillary ingrowths in miniature cysts of undoubted adrenal origin is 
of considerable theoretic importance in the consideration of renal neo- 
plasms (fig. 2B). 

Although it was not the original purpose of this presentation to 
enter into the oft-disputed histogenesis of hypernephroma, the occur- 
rence of adrenal rests in 2 cases of hypernephroid tumors in the present 
series seems worthy of comment. In one there was a soft well circum- 
scribed mass of yellowish tissue in the kidney, measuring 8 cm. in 
diameter, at the summit of which a small adrenal rest was noted 
(fig. 3A). No regional extension or distant metastasis was noted in 
this case. Microscopically, this tumor was identical in structure to the 
separate ectopic rest and was of undoubted adrenal origin. A peculiar 
grouping of adrenal cortical cells arranged in a formation resembling 
a glomerulus was of interest (fig. 3B). In the other case a small 
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Fig. 2.—A, subcapsular adrenal rest showing true liposis at the junction with the 
kidney. The zona glomerulosa and the capsule are not included in the photograph. 
B, photograph showing zona fasciculata and zona reticularis in a subcapsular 
adrenal rest. The adjoining renal tubules are seen at the lower right. Note the 
papillation in the cyst of the adrenal cortical tissue. The zona fasciculata shows 
scant vacuolation. 
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Fig. 3—A, adrenal rest in a bifurcation of the capsule and an encapsulated 
adenomatous nodule of identical cytologic structure in the kidney substance. B, 
glomerulous-like structure composed of adrenal cortical cells, situated deep within 
a tumor of the kidney diagnosed as adrenal adenoma. (See A.) 
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adrenal rest was seen distinct from and above a cancer of the kidney 
(fig. 4). Widespread metastases of the hypernephroma were present 
in this instance. The finding of adrenal rests in association with these 


two renal tumors might well be a coincidence. However, the identity 


of the histologic picture, the tendency to extend down into the kidney, 


the gradation in size and proliferation of the nodules formed from mini- 
ature adenomatous growths to tumors diagnosed as hypernephroma add 


significance to such simultaneous occurrences. 


Fig. 4—Hypernephroma of the kidney with satellite extensions. An arrow 
points to a subcapsular adrenal rest at the superior pole. 


SUMMARY 

Adrenal rests occur commonly in kidneys. Twenty-three instances 
are reported. 

If the renal capsule is stripped carefully and the exposed surface 
of the kidney and the capsule are minutely examined, the incidence of 
such foci increases markedly. 

Reference is made to the theoretic significance of such foci in rela- 
tion to the origin of hypernephroma. 





DEVELOPMENTAL BASIS OF REGENERATIVE AND 
PATHOLOGIC GROWTH IN THE UTERUS 


PETER GRUENWALD, M.D.* 
CHICAGO 


A series of investigations concerned with the embryonic development 
of the urogenital organs yielded results which may be of value for the 
interpretation of normal and pathologic structure of the uterovaginal 
canal. Some of these have been described in previous reports * and will 
be mentioned here only as far as necessary for the understanding of new 
observations and conclusions. The embryologic portion of the present 
report will be confined to observations which bear on the problem of 
the formative potentialities of the tissues concerned. A subsequent 
section will deal with the possible applications of these observations for 
the understanding of normal and pathologic changes, such as normal 
regeneration of the uterine epithelium, the structure of tumors of the 
uterovaginal canal and the formation of endometriosis. 


OBSERVATIONS 


Serial sections of many human, mammalian and chick embryos were 
used in the present work. The principal staining methods employed 
were azan staining and silver impregnation of the reticular fibers. 
Findings in chick embryos will be described only when they facilitate 
the interpretation of observations in human embryos by showing clearer 
pictures of comparable conditions. The miillerian duct as the embryonic 
forerunner of the uterovaginal canal will be in the center of these dis- 
cussions. However, the description of its development will be preceded 
by a section concerned with its mother tissue, the celomic wall. 

Early Organ Formation from the Celomic Wall.—It has lorig been 
known that in the embryo at an early stage of its development the wall 
of the celomic cavity shows no epithelial surface lining distinctly 
separated from the underlying mesenchyme. The superficial cells have, 
of necessity, on the side facing the cavity an arrangement similar to 
an epithelium. On their basal side, however, these same cells have 
protoplasmic processes structurally identical with those of the adjacent 
mesenchymal cells (fig. 1a), and cells resulting from division of the 


* Fellow in Pathology. 
From the Department of Pathology of the Cook County Hospital. 
1. Gruenwald, P.: (a) Anat. Rec. 81:1, 1941; (b) J. Morphol. 70:353, 1942. 
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superficial cells move into the mesenchyme to become part of it. This 
process has been described by numerous embryologists and extensively 
evaluated by Maximow.? The superficial cells soon differentiate into 
a typical epithelium clearly separated from the underlying mesenchyme 
(fig. 1b). This transformation is almost complete in human embryos 
of about 8 mm. As pointed out previously in more detail,’” this change 
does not represent permanent and irrevocable specialization. Not only 
does the celomic wall in some areas revert to the early condition, thus 
allowing for contribution of cells from the superficial layer to the 
adjacent mesenchyme, but organs developing from the celomic wall 
retain in their tissues a tendency toward changes between epithelial 
and mesenchymal structure. In the celomic wall itself this becomes 
apparent when large numbers of cells are to be produced for the 
formation of an organ. In early development of the gonads, for 
instance, the earlier established boundary between celomic epithelium 
and mesenchyme disappears, and both parts of the celomic wall 
participate as a uniform tissue in the formation of the gonadal 
blastema.*” Similar changes may be observed during the formation of 
the adrenal cortex. A diagram of this type of organ formation from 
the celomic wall is given in figure 1c. It should be mentioned at this 
point that a similar participation of the celomic lining in the formation 
of a blastema also occurs in the early stages of limb bud development. 
This was first shown in amphibians by Filatow.* The occurrence of 
a very similar condition in human embryos is described and its 
significance for the problem of endometriosis evaluated in a separate 


2. Maximow, A.: Arch. f. exper. Zellforsch. 4:1, 1927; in von Méllen- 
dorff, W.: Handbuch der mikroskopischen Anatomie des Menschen, Berlin, Julius 
Springer, 1927, vol. 2, pt. 1, p. 232. 


3. Filatow, D.: Arch. f. Entwcklngsmechn. d. Organ. 127:776, 1933. 








EXPLANATION OF FiGuRE 1 


Diagrams illustrating the formation of mesenchyme from the lining of 
the embryonic celomic wall and the miillerian duct. The early celomic wall is 
shown in parts a to c: In a@ one sees the early stage. No definite epithelium 
is present, and the superficial cell layer contributes to the deeper layers. In b a 
later stage is shown, after differentiation of the superficial layer into epithelium. 
In ¢ is presented the condition during formation of an organ primordium. The 
early structure is reestablished and the surface lining contributes toward the organ 
blastema without forming epithelial buds. Parts d to j represent the miillerian 
duct and the tubal ridge: d shows a longitudinal section; e to j, cross sections at 
the levels indicated by arrows. See explanation in the text. M indicates the 
miillerian duct; 7, the tubal ridge; W, the wolffian duct; the mesenchyme is 
stippled. 
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article.‘ In contrast to these structures, the miillerian ducts develop 
from the celomic wall not by a blastema but as epithelial growths from 
the celomic epithelium. 

In the gonads and the adrenal cortices the lability of epithelial tissue 
structure is not limited to early stages of blastema formation. Numerous 
examples of transitions from epithelial to nonepithelial structure or vice 
versa may be seen in these organs in much later stages as well.?” As 
to the millerian ducts, it appeared as if the epithelial character was 
definitely and permanently established from the earliest stages of 
development. However, it will soon be pointed out that transitions 
from epithelial to mesenchymal structure also occur in the tissue of the 
mullerian primordia, thus characterizing them as typical celomic deriva- 
tives along with the adrenal cortices and the gonads. 

Development of the Miiilerian Ducts—The longitudinal growth of 
the mullerian ducts was previously studied in detail," and their 
extremely close topographic relations to the wolffian ducts were described 
at that time. As commonly known, the miullerian ducts arise from 
funnel-shaped invaginations of the celomic epithelium, the later ostia 
tubarum, and grow caudad alongside the wolffian ducts without any 
further contribution from the celomic epithelium. A continuation of 
the tall celomic epithelium of each ostium may be traced caudad on 
the surface of the urogenital ridge, covering the wolffian and later the 
mullerian duct. This strip of tall epithelium, also known as the tubal 
ridge, neither contributes to the miullerian primordium nor regenerates 
a miullerian duct if the development of the original duct is inhibited 
experimentally.’ Its further development will be described in a later 
section of this report. The millerian duct itself is found very intimately 
connected with the wolffian duct soon after it grows out from the ostium. 
Its growing end is seen as a solid wedge between the epithelium and 
the basal membrane of the wolffian duct, as previously ' illustrated by 
photographs and in the present figure 1 d and j by diagrams. As this 
wedge moves caudad, the miillerian duct lengthens and is gradually 
separated from the wolffian duct (fig. 1 d and 1). 

Evidence of the formation of mesenchyme from the millerian 
primordium was first found in chick embryos and a cat embryo and 
was briefly described in connection with a review of the development 
of celomic derivatives in general.'? The observations in chick embryos 
have since been expanded by addition of new material, and comparable 
conditions have been found in human embryos. In the following account 
the findings in chick embryos will be reported first, because they are 
clearcut and easily interpreted. This will facilitate the understanding 


4. Gruenwald, P.: Am. J. Obst. & Gynec. 44:470, 1942. 
5. Gruenwald, P.: Arch. f. EntwckIngsmechn. d. Organ. 136:786, 1937. 
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of the less extensive changes in human embryos. The site of these 
changes is the latest formed caudal portion of the growing miillerian 
duct, whose relation to the wolffian duct has just been described. As 
does the growth of the duct itself, mesenchyme formation proceeds in 
a caudal direction so that all stages may be studied in one embryo by 
following the series of transverse sections in caudocranial succession. 
Evidence of mesenchyme formation was found only during the later 
period of growth of the millerian duct within the caudal portion of the 
urogenital ridge; however, no distinct cranial boundary of this area 
can be given. Figure 2a-d shows four stages of the process to be 
described, in sections of the left miillerian duct and surrounding 
structures of a chick embryo of 6 days 3 hours. The most caudal section 
(fig. 2a) shows the solid growing end of the miullerian duct connected 
with the wolffian duct partly without separating basal membranes. 
Figure 2, taken from a section 110 microns cranial to the previous 
one, shows the wolffian duct separated from the miillerian primordium 
by a delicate but complete basal membrane. The miillerian primordium 
itself appears divided, consisting of the duct proper and a pair of wedges 
cutting in from the medial and lateral sides between it and the wolffian 
duct. These wedges, being part of the miullerian primordium and 
located inside the basal membrane, exhibit early stages of the appearance 
of argyrophil fibers between their cells, indicating transformation into 
embryonic connective tissue. Figure 2c, showing a section 280 microns 
farther cranially, presents a more advanced stage. The millerian duct 
proper, representing only part of the original primordium, has also 
received a basal membrane, while that of the original primordium begins 
to disappear (left side of fig. 2c). The aforementioned medial and 
lateral wedges of miillerian tissue are now part of the mesenchyme 
surrounding the ducts. Somewhat later, after complete dissolution of 
the basal membrane of the original miillerian primordium, they cannot 
be distinguished from the mesenchyme previously present in that area. 
Figure 2 d, of a section 1,170 microns cranial to that of figure 2 c, shows 
a mass of mesenchyme surrounding the millerian duct and bounded 
peripherally by a denser network of argyrophil fibers. It cannot be 
established whether this mass corresponds to the tissue given off by 
the millerian primordium. 

The earliest signs of mesenchyme formation from the miullerian 
primordium were found in an embryo 5 days 18 hours old, and the last 
remnants of the disintegrating basal membrane of the original mullerian 
cell mass are still visible in a 7 day embryo. The clearest pictures of 
mesenchyme formation can be observed in embryos of the early part 
of the seventh day. Figure 2¢ shows a section of the right millerian 
primordium of a 6 day embryo during the process of subdivision into 
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the duct proper and mesenchyme. More cellular details are seen in this 
figure because the silver impregnation was supplemented by a counter- 
stain with acid fuchsin. A heavy common basal membrane surrounds 
the wolffian duct and the miillerian primordium; within the latter a 
subdivision into the duct itself and the loosely arranged cell groups of 
the wedges is clearly visible. In the absence of the acid fuchsin stain 
this loose tissue would show the beginning of fiber formation between 
its cells, similar to that seen in figure 2 b. 

Similar changes may be seen in the millerian primordia of mammal 
embryos. The only cat embryo (22 mm.) available for the present work 
showed evidence of large wedges of mesenchyme between the wolffian 
and miillerian ducts, within the common basal membrane (Gruen- 
wald,’” fig. 19). In human embryos of from about 20 to 25 mm., 
silver impregnation reveals similar wedges (fig. 3.a-c). The pictures 
here are not as distinct as those of chick embryos but correspond in 
essential traits. The reason for the difference is not only the probably 
smaller amount of mesenchyme formed from the miillerian primordium 
in the human embryo but also the closer succession of stages. The 
iatter difference is expressed in the detachment of the miullerian from 
the wolffian duct as well; the areas of immediate contact of both ducts 
are much shorter in human than in chick embryos, as shown by the 
reconstructions published previously.** However, another indication of 
very close relations of miillerian duct and mesenchyme stands out clearly 
in human embryos. The millerian duct is for a long period not 
separated from the surrounding mesenchyme by a basal membrane. 
The same delicate fibers that are found throughout the mesenchyme 
are present at the boundary of the two tissues, and a few fibers appear 
to penetrate between the miillerian cells (fig. 3d). This relation 
between an epithelium and the underlying mesenchyme is quite unusual 
and may well be an indication of an exchange of cells across the 








EXPLANATION OF FiGcurE 2 


Formation of mesenchyme from miillerian duct and tubal ridge in the chick 
embryo. Cross sections of the left miillerian duct and surrounding structures 
of an embryo of 6 days and 3 hours are shown in a, b, c and d; Gomori’s silver 
impregnation. A cross section of the right miillerian duct and surrounding struc- 
tures of a 6 day embryo is shown in e; Gomori’s silver impregnation and acid 
fuchsin. Sections of the tubal ridge of an embryo of 7 days and 17 hours are 
presented in f and g; Gomori’s silver impregnation. The tubal ridge of experi- 
mental embryo 499 is seen in 4; Gomori’s silver impregnation. See explanation 
in the text. M indicates the miillerian duct; T, the tubal ridge; W, the wolffian duct. 
Arrows point across the common basal membrane of the wolffian and miillerian 
ducts into the portions of the miillerian primordium being transformed into 
mesenchyme. 
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boundary. When the millerian duct finally acquires a basal membrane, 
the surrounding mesenchyme forms at first a concentric layer similar 
to that shown in the chick embryo in figure 2 d. 





Fig. 3.—Formation of mesenchyme from miillerian duct and tubal ridge in the 
human embryo. Part a shows a cross section of a portion of the left urogenital 
ridge of a 21 mm. embryo. Parts b to d show sections from a 23 mm. embryo; 
in b one sees ducts of both sides in the pelvic region; in c and d, the left urogenital 
ridge; Gomori’s silver impregnation. M indicates the millerian duct; 7, the area 
in which mesenchyme is in process of formation from the peritoneal epithelium 
(tubal ridge); W, the wolffan duct. Arrows point across the common basal 
membrane of the wolffian and miillerian ducts into the portion of the miillerian 
primordium being transformed into mesenchyme. 
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It has thus been demonstrated that part of the mesenchyme sur- 
rounding the miillerian duct in later stages originates directly from the 
epithelium of that duct. After the completion of this transformation 
the mesenchyme of miillerian origin cannot be distinguished from that 
previously present in this area. 


Mesenchyme Formation from the Peritoneal Epithelium.—It was 
mentioned that the uniform condition of the early celomic wall is 
eventually replaced by one in which the superficial layer of cells is 
separated from the adjacent mesenchyme by its differentiation into a 
typical epithelium (fig. 1@ and b). However, a number of instances 
are on record to show that even in much later stages the celomic 
epithelium may contribute to the adjacent mesenchyme. The most 
impressive example is the transformation of the tubal ridge, and it is 
of particular interest for the present considerations because of the close 
proximity of the miillerian duct. The location of the tubal ridge and 
its relation to the miullerian duct were referred to earlier. It will now 
be shown that while this strip of peritoneal epithelium loses its tall 
appearance, the greater part of its cells are transformed into mesen- 
chyme. These findings are also based on the material briefly described in 
the preceding section. Here, too, the more extensive changes in chick 
embryos will be described first. 

The earliest indications of changes in the tubal ridge appear in chick 
embryos during the latter half of the sixth day. Silver impregnation 
reveals that argyrophil fibers appear in the basal portion of the tall 
epithelium, beginning in its cranial parts. As do most differentiations 
in this area, this process gradually proceeds in a caudal direction, and 
at the same time the fiber network increases in density in the cranial 
portions. Early stages of this process may be seen in figure 2c and d, 
and still better in figure 2 f, showing the tubal ridge of a chick embryo 
of 7 days 17 hours. A network of argyrophil fibers spreads within 
the ridge distal to the basal membrane but never reaches the peripheral 
border of the epithelium. In a later stage, as shown in figure 2 g from 
a more cranial portion of the same embryo, the basal membrane of the 
tubal ridge disappears in a fiber network consisting in its proximal part 
(nearest the miillerian duct) of a small amount of mesenchyme, 
previously present in that location, and in its distal portion of trans- 
formed tissue of the tubal ridge. This transformed tissue soon assumes 
all the characteristics of the adjacent mesenchyme. Only a thin distal 
layer of the former tubal ridge remains epithelial and is eventually 
separated from the rest by a new basal membrane. It thus appears that 
a great part of the mesenchyme separating the peritoneal epithelium 
from the miillerian duct in later stages is derived from the epithelial tubal 
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ridge. The just described transformation is finished in the chick embryo 
during the ninth day of incubation. 

In the human embryo the tubal ridge never develops as tall as in 
the chick, and consequently the changes are not so pronounced. How- 
ever, there is evidence of transformation of epithelial cells into mesen- 
chyme in the corresponding areas of the human embryo, too. In figure 
3b and c, for instance, there is shown a condition of the peritoneal 
covering of the miillerian duct which is highly indicative of fiber 
formation in the original epithelium. Similar observations were made 
in various mammalian embryos, revealing varying degrees of trans- 
formation of the tubal ridge into mesenchyme. 

A series of experiments was briefly referred to on an earlier page, 
in which the urogenital ridge contained no miullerian duct as a conse- 
quence of interruption of the wolffian duct in an early stage.® In order 
to follow the changes in the tubal ridge in these specimens, sections were 
restained to show argyrophil fibers. Figure 2 shows the wolffian duct 
and tubal ridge on the left side of embryo 499. The changes in the 
tubal ridge correspond exactly to those just described, and the old basal ° 
membrane is just about to disappear in the network of newly formed 
fibers. The miillerian duct is absent as a result of the experiment. 
This shows that the transformation of part of the tubal ridge into 
mesenchyme does not depend on the presence of that duct as an 
organizer. Only in those cases in which the entire urogenital ridge 
(with the exception of the gonad) is absent as a consequence of 
destruction of the wolffian duct is there no tubal ridge and no mesen- 
chyme formation from the peritoneal epithelium. 

Thus the mesenchyme formed in early embryonic stages from the 
celomic lining (fig. 1a) and later from the miillerian epithelium (fig. 
1 d, f, g and h) is supplemented from a third source, namely, the tubal 
ridge (fig. 1d, e and f). It was pointed out earlier in this report that 
the mesenchyme of the entire celomic wall and its derivatives is in its 
development and potencies unusually closely related to the epithelial 
components of these structures. This is due to the early uniform con- 
dition of the celomic wall and some of the organ primordia forming in 
it. However, in the vicinity of the miillerian duct these relations of 
mesenchyme and epithelium are still closer because much of that mesen- 
chyme develops in late stages from the well differentiated epithelia of 
the miillerian duct and the nearby peritoneum. 

In terms of the morphology of adults these facts mean that the non- 
epithelial layers of the uterovaginal canal, including the lamina propria, 
the muscularis and the subserous tissue, originate at least partly from 
cells which had been parts of the inner or the outer epithelial lining. 
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How much of the potencies of these epithelia is retained in the other 
cells of the uterovaginal canal is not known. In view of the embryologic 
facts described in the preceding pages, the existence of such potencies 
in the nonepithelial cells of this tract must be considered possible if not 
probable. 


CONCLUSIONS REGARDING REGENERATIVE AND PATHOLOGIC GROWTH 
IN THE UTEROVAGINAL CANAL 


New possibilities for the understanding of growth in the utero- 
vaginal canal arise from the fact that latent potencies may be widely 
distributed in its tissues and embryologically related areas, irrespective 
of epithelial or nonepithelial tissue structure. The possibility that 
uterine epithelium may originate from mesenchyme was extensively 
discussed by Heim ® in connection with the problem of endometriosis. 
However, the considerations of this author are embryologically ill 
founded, and the formation of mesenchyme from the miillerian duct 
itself was unknown at the time of his publication. With the facts now 
available, a conception of the possible role of mesenchyme in the 


formation of uterine epithelium can be developed on a sound embryologic 
basis. 


Physiologic Regeneration of the Endometrium.—No part of the body 


undergoes regeneration as frequently and extensively under normal 
conditions as the endometrium. It is almost generally assumed that 
during this regeneration all cells develop from their equals; that is, 
epithelial cells from the lining of the glands, and connective tissue by 
multiplication of the surviving stroma. Papanicolaou,’ after studying 
this process in the guinea pig, arrived at a different conclusion. Accord- 
ing to him, on the surface of the endometrium, as well as in many 
glands whose epithelium had been cast off, the superficial stroma cells 
differentiate into a new epithelium. This is far from being conclusively 
proved, but it has not even been discussed extensively, owing, probably, 
to a deep-rooted aversion to the assumption that epithelium may be 
formed from connective tissue in the adult organism. The present work 
cannot solve this problem, but it lays the embryologic foundation for 
further investigation. The fact that the stroma of the endometrium 
contains cells which are derived from the miillerian duct makes it appear 
quite possible that these cells have the potency to form uterine 
epithelium, just as did the duct from which they originated. Future 
investigators of postmenstrual and puerperal changes in the endometrium 
will have to give this possibility more consideration than has been done 
up to the present time. 


6. Heim, K.: Arch. f. Gynak. 152:269, 1933. 
7. Papanicolaou, G. W.: Am. J. Obst. & Gynec. 25:30, 1933. 
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Endometriosis —In the vast literature concerned with the origin of 
endometriosis many attempts were made to justify the assumption that 
various tissues may be transformed into uterine mucosa. Thus the 
adherers to the theory of local origin of ectopic endometriosis (in 
contrast to the transportation of germs from the endometrium) included 
in their consideration first the entire celomic epithelium, then the 
mesenchyme of certain parts of the celomic wall (Heim®*) and finally 
the entire mesenchyme of the body (Biebl*). This last expansion was 
precipitated by the discovery of endometriosis in the arm and the leg. 
In consideration of the present state of embryologic knowledge, a critical 
review of the subject leads to the following conclusions (Gruenwald *) : 
It is true that the celomic epithelium, being the mother tissue of the 
mullerian ducts, must be regarded as a possible source of endometriosis 
in the first place. The mesenchyme of the celomic wall, whose intimate 
developmental relations to the epithelium have been referred to several 
times in the present report, should be taken into account along with 
the celomic epithelium. There is no reason to exclude the cranial parts 
of the celomic wall, as did Heim.® One portion of the mesenchyme 
deserves special mention; this is the one developing directly from the 
epithelium of the miillerian duct. Its possible role in the regeneration 
of the endometrium was emphasized in the foregoing section, and it is 
of similarly great importance in the explanation of endometriosis. 
There is little reason to go ds far as did Biebl * and include more than 
the mesenchyme of the celomic wall in these considerations, since the 
occurrence of endometriosis in the extremities can easily be accounted 
for on the basis of local origin from tissue of the celomic wall (Gruen- 
wald*). It should be clear that this discussion is concerned only with 
the embryologic possibilities of explaining endometriosis by local 
differentiation ; it cannot directly disprove the validity of other theories. 

Tumors of the Internal Genital Organs.—The present facts and 
similar findings regarding the development *” of the adrenals and the 
gonads suggest that the unusually large variety of tumors related to 
these organs and the difficulties in their interpretation may well be due 
to the unusually wide range of structural variability in the tissues of 
celomic derivatives. In accordance with the distinctly and permanently 
epithelial or nonepithelial structure of most other tissues, tumors are 
customarily classified as epithelial or nonepithelial as well. Facing 
cells with labile structure as one does in the derivatives of the celomic 
wall, one must expect to find similar structural lability in the tumors 
arising from these cells. At the present time, only the suggestion can 
be made that tumors which cannot be definitely classified as either 
epithelial or nonepithelial may develop from celomic derivatives, as has 


8. Biebl, M.: Zentralbl. f. Chir. 65:1026, 1938. 
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already been indicated by Klemperer and Rabin ® with regard to neo- 
plasms of the pleura. Future investigations carried out with this 
possibility in mind will have to show whether or not the usual classifi- 
cation can be kept up in tumors of the structures in question, including 
the uterovaginal canal, gonads and adrenal cortex. If any difficulties of 
classification should appear, or the possibility suggest itself that epithelial 
tumors may have arisen from the nonepithelial tissues or vice versa, one 
should keep in mind that this may be a consequence of the peculiar 
development of the tissues concerned, and abstain from forcing such 
observations into the customary rigid system. 


SUMMARY 


A review of earlier and new embryologic findings is made in order 
to demonstrate the unusually intimate developmental relations of 
epithelial and mesenchymal constituents in the derivatives of the 
embryonic celomic wall. In these structures, which include the miullerian 
ducts, the gonads and the adrenal cortices, in addition to the serous 
membranes themselves, transitions between epithelial and nonepithelial 
components may be found during various stages of development up to 
the adult condition. 

The formation of mesenchyme from the epithelium of the millerian 
duct is described in detail. It occurs near the caudal end of the duct 
while this is growing toward the urogenital sinus. Similar formation 
of mesenchyme also takes place at the expense of the nearby peritoneal 
epithelium, the so-called tubal ridge. Consequently, the nonepithelial 
tissues of the uterovaginal canal arise not only from the mesenchyme 
originally present in that area but also in part from the epithelia of the 
inner and outer linings of the canal. Thus a strong possibility exists 
that these nonepithelial cells may possess the developmental potencies 
of their epithelial coverings. These facts make reports of postmenstrual 
regeneration of uterine epithelium from the stroma appear less 
improbable than is generally assumed. Furthermore, the possibility 
must be taken into account that a clearcut distinction of epithelial and 
nonepithelial structure may not always be possible in tumors of 
derivatives of the celomic wall. Endometriosis may develop not only 
from the celomic epithelium but also from the adjacent mesenchyme 
which is closely related to this tissue in its development. Thus endo- 
metriosis can be accounted for in all known locations by local 
differentiation of tissues derived from the celomic wall. 


9. Klemperer, P., and Rabin, C. B.: Arch. Path. 11:385, 1931. 
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Standard textbooks of pathology yield little information concerning 
latency in cancer. Until Willis * published his admirable treatise, knowl- 
edge of latent carcinoma existed only in the form of isolated case 
reports. Willis presented a detailed and complete bibliography with 
an orderly segregation of the reported cases and his own cases according 
to primary sites. In the present paper an attempt will be made to 
record a group of cases of latent primary cancer observed during a five 
year period in a general hospital for patients with acute diseases, to 
define and establish limitations for the concept of latency and finally to 
evaluate, if possible, the factors which tend to make any tumor a latent 
one. 

The term “latency” has never been adequately defined. Until the 
exact limitations of the term are agreed on, the results of studies of 
the incidence of latent cancer cannot become comparable. Encompassed 
in this term are variable and conflicting clinical and pathologic concepts. 
Clinically, it includes thoughts that range over a wide sphere, such as: 
inaccessibility to clinical examination or to biopsy; general difficulty in 
establishing a diagnosis, as in cases in which the tumor simulates other 
disease entities ; gross error in diagnosis; presence of general symptoms 
of cachexia initiating a suspicion of cancer, with or without localizing 
symptoms ; a case of cancer in which the picture is confused by an addi- 
tional unrelated disease; a tumor which plays no part in or is quite 
secondary to the causation of death; a cancer which tends to grow 
rapidly or to metastasize early. The term “latent” is used loosely by 
clinicians to include one or more of the foregoing categories. 

A wide latitude is also observed in the interpretation of latency 
from the point of view of pathology. The term is used to include: an 
asymptomatic cancer with or without metastasis which is discovered 
incidentally either in the gross or the microscopic study of the viscera 


From the Department of Pathology of Queens General Hospital, Jamaica, 
Long Island, New York. 

1. Willis, R. A.: The Spread of Tumours in the Human Body, London, 
J. & A. Churchill, 1934, chap. 12, pp. 179-202. 
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at autopsy; a cancer whose initial manifestation is due to some dramatic 
local complication, such as hemorrhage or obstruction; a primary 
cancer which has invaded neighboring organs, with symptoms due to 
involvement of the latter; a noncancerous tumor becoming cancerous ; 
a cancer whose growth is extremely slow or stationary; a cancer whose 
primary site cannot be demonstrated clinically; a cancer whose metas- 
tasis is more anaplastic and outstrips the primary growth, and finally, 
a cancer whose metastasis causes the initial symptomatic picture. 

Included in the last category are most of the tumors collected and 
discussed by Willis. Our material, as the title of this article implies, 
has been selected on the same basis, so well paraphrased by Willis in 
chapter 12 of his book: “a highly important group of symptomatically 
quiescent primary tumors in which the attention of the clinician is 
focused on precocious metastases.” Twenty-five such cases of latent 
primary cancer were encountered in a series of 2,514 autopsies, from 
November 1935 to December 1940, inclusive, at the Queens General 
Hospital. 

In every case the initial symptoms complained of by the patient 
were referable either directly or indirectly to the metastasis. In some 
instances the patient gave a history of some symptoms referable to the 
primary site before entry into the hospital, but in all such instances 
these symptoms were preceded, by a distinct interval, by complaints 
due to the precocious metastasis. A correct diagnosis of the primary 
site was made in 2 cases on the basis of a biopsy of material obtained 
from the metastatic focus. All the other clinical and pathologic categories 
of latency listed are eliminated from this discussion. Only cases studied 
at autopsy are included, and all diagnoses were confirmed histologically. 

These 25 cases with the presenting clinical complaints, the sympto- 
matic metastatic sites and the corresponding asymptomatic primary 
sites are listed in table 1. There is a definite need for this type of 
information obtained in a uniform manner and permitting summation 
and statistical comparison and analysis. 


REPORT OF CASES 


Case 1—A 56 year old white woman entered the hospital because of head- 
ache of one week’s duration and vomiting for two days. The day before admis- 
sion she complained of*a severe dizzy spell with loss of vision lasting several 
minutes. The pupils were irregular and fixed to light but reacted to accom- 
modation. There was central paresis of the right side of the face. The abdomi- 
nal reflex on the left was absent. A spinal tap revealed markedly increased 
pressure of the spinal fluid. The patient suddenly became comatose, the pulse 
rate dropped to 36 per minute and the respiration was markedly slowed. She 
quickly regained her normal state and was not aware of the episode. A marked 
increase in papilledema was noted. A ventriculogram showed no dilatation or 
distortion of the ventricular system. The patient showed progressive disorienta- 
tion and increasing stupor. Another ventriculogram one month after admisson 
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demonstrated moderate dilatation of both lateral ventricles with no deviation 
from the midline. Suboccipital craniotomy was begun for tumor of the posterior 
fossa, in the course of which the patient suddenly went into vascular collapse. 

At autopsy colloid carcinoma, diffuse in type, was found in the pyloric antrum. 
Gross examination of the brain disclosed no abnormality other than dilatation of 
the ventricles. Microscopic examination, however, revealed extensive carci- 
nosis of the meninges with prominence of signet ring cells (fig. 1). 





Fig. 1 (case 1).—Section of brain and leptomeninges showing diffuse car- 
cinosis of the meninges with signet ring cells recognizable; x 200. 


Case 2.—A 56 year old white man entered the hospital with a three week 
history of headaches, nausea, anorexia and loss of weight. In addition, he had 
noted staggering gait, falling most often to the left and difficulty in talking. 
Occasional dizziness and progressive loss of memory developed. Chronic sinu- 
sitis with a purulent discharge in the nasal passage was noted. The deep reflexes 
were overactive, more marked on the left. The left abdominal reflex was absent, 
and there were present Babinski’s reflex, nystagmus, past pointing with the left 
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hand, a defective heel to knee test on the left, adiodokokinesis on the left and 
weakness of grasp with the left hand. Sphenoethmoidectomy was performed, 
with no relief of symptoms. A roentgenogram of the chest was then interpreted 
as evidencing possible atelectasis on the basis of a primary bronchiogenic tumor. 
Bronchoscopic inspection revealed no sign of endobronchial neoplasm. There 
was moderate bronchiectasis. The patient went downhill rapidly and died nine 
days after admission. 


Autopsy revealed a small tumor of one of the bronchi to the peripheral part 
of the upper lobe of the left lung. The entire mass measured 2 by 1 cm. and 
was located immediately beneath a depressed, puckered, scarred area in the 
visceral pleura. A solitary small mediastinal lymph node showed a miniature 
area of metastasis. The left cerebellar hemisphere presented a large mass, 
measuring 3 by 2 by 1 cm., which protruded above the level of the pia-arachnoid. 
There was a large cystic area of metastasis in the occipital lobe, as well as 
many smaller scattered areas of tumor tissue throughout the remainder of the 
cerebrum. 


Case 3.—A 61 year old white man was admitted with a history of burning 
pain over the sternum, radiating to both the arms and the back, and a girdle- 
like pain in the lower part of the abdomen of six months’ duration, with almost 
simultaneous onset of urinary incontinence and dysuria. For the past two months 
he had been constipated. Eleven days before admission he noted sudden onset 
of weakness in both legs, followed in rapid sequence by complete paralysis and 
incontinence of feces. The deep reflexes in both lower extremities and vibratory 
sense on the left were absent, and a sensory level was found at the third thoracic 
segment. Rectal examination was not done. Three days after admission the 
patient suddenly gasped and ceased breathing. 


Autopsy revealed a flat firm tumor mass in the extradural tissues in the 
region of the third thoracic vertebra. This mass completely encircled the spinal 
cord. Section revealed softening and hemorrhage within the cord substance. 
A large firm mass was found completely replacing the prostate, with extensive 
regional involvement. 


Case 4.—The patient was a 28 year old white woman with multiple sclerosis 
of at least three years’ duration. During these three years there had been remis- 
sions and exacerbations. During the ten days before admission to the hospital 
she took a sudden turn for the worse, was unable to walk, became incontinent 
ot urine and feces and presented palsy of the right side of the face. There 
were marked nystagmus, bilateral temporal pallor of the optic disks, a monotonous 
tone to the speech, central palsy of the right side of the face and marked weak- 
ness of the right upper and lower extremities. The deep reflexes were over- 
active, the right more than the left, with bilateral Babinski reflexes. Position 
and vibratory sense were impaired, especially on the left. A decubital ulcer of 
the heel developed, and the patient rapidly grew worse and died in seventeen 
days after admission. 

Autopsy revealed evidence of disseminated sclerosis with involvement of both 
the brain and the spinal cord. In addition, a large isolated tumor mass, mea- 
suring 4.5 by 5.5 cm., was seen in the left frontal lobe and in the region of the 
basal ganglions. The uterus showed a small reddish gray fleshy mass projecting 
into the endometrial cavity from the posterior surface of the endometrium at the 
fundus. No other metastases from this primary site were found.” 


2. Mitchell, N., and Angrist, A.: Am. J. Clin. Path. 12:232, 1942. 
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Case 5.—A 60 year old white woman was admitted in coma, with a history 
of sudden collapse while in bed. During the six months before admission there 
had been definite change in personality associated with severe intermittent 
headaches, nausea and vomiting. Hemiparesis and Babinski’s reflex were found 
on the left side. The patient regained consciousness on the day after admission. 
Five days later, bilateral papilledema was noted. Fifteen days after admission, 
the patient again lapsed into coma, and decompression was carried out for a 
probable tumor of the brain. She died two weeks after operation. 


Autopsy revealed a cystic cavity in the right frontal lobe, measuring 6 cm. in 
diameter, with central softening. Dissection of the right lung revealed a periph- 
erally placed tumor mass in the upper lobe with a softened center and with 
carcinomatous tissue lining the wall of the cavity. Suppuration was noted in 
both the pulmonary tumor and the metastatic tumor of the brain. 


Case 6.—A 59 year old white woman was transferred from another hospital 
for radiation therapy. She had suffered a fracture of the right femur in a fall 
one month before. An osteolytic area suggestive of metastatic carcinoma was 
seen in the roentgenogram. A punch biopsy of the involved femur revealed 
metastatic tumor which suggested hypernephroma as the primary site. No 
definite history of hematuria was elicited. Intense high voltage irradiation of 
the right femur was begun. Repeated urinalysis, prompted by the biopsy report, 
showed occasional hematuria. Retrograde urography revealed definite distortion 
of the pattern of the right renal pelvis, and a diagnosis of hypernephroma of 
the right kidney was made. The patient complained of an occasional pain at the 
site of fracture. She was discharged four months after admission. Symptoms 
suggesting ascending urinary infection following complete transection of the spinal 
cord by metastatic carcinoma appeared, and death occurred two months later. 


At autopsy, the right kidney showed one large and several small satellite 
masses; the largest, measuring 5 cm. in diameter, occupied the midzone of the 
kidney. These masses were soit, opaque and yellow and were clearly demar- 
cated from the regional parenchyma. The lower third of the right femur 
presented a large mass of metastatic tumor tissue, which invaded the medullary 
cavity of the bone. Extensive metastases were also found in the lower thoracic 
vertebrae with direct extension through the vertebral bodies to the extradural 
tissue and compression of the spinal cord. 


Case 7.—A 67 year old white man struck his left knee against a rock seven 
weeks prior to admission, and subsequently there were recurrent episodes of pro- 
gressively increasing pain in the region of the left knee. Anorexia, nausea and 
vomiting appeared in the few weeks prior to admission. A large mass in the 
right upper quadrant of the abdomen was apparently liver. A large mass was 
felt in the region of the head of the left fibula. Roentgen examination of the 
left leg revealed a large area of rarefaction in the head of the left fibula and a 
large soft tissue mass. A barium sulfate enema revealed displacement downward 
of the transverse colon by the large abdominal mass. The patient declined 
rapidly and died within a week. 


At autopsy there was a large mass, measuring approximately 10 cm., in 
the head of the pancreas, with regional extension to the walls of the stomach 
and duodenum, and there were bulky metastases in the liver and in the head 
of the left fibula. 
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Case 8.—A 61 year old white man was first observed because of soreness 
and pain in the left hip and the sensation of a sudden “snap” in the left lower 
extremity. Roentgen examination revealed a fairly well demarcated osteolytic 
area in the upper part of the neck of the femur with an ununited fracture. The 
man improved somewhat, but returned, seven months later, with a huge mass in the 
left thigh, extending from the inguinal ligament to a point just above the knee. 
In addition, a large firm mass was felt occupying the entire left half of the upper 
part of the abdomen. His condition grew rapidly worse, a spiking fever 
developed, and death occurred four weeks after the last admission. 

Autopsy revealed a large ulcerating carcinoma of the fundus of the stomach, 
with regional extension to the spleen and a gastrosplenic fistula, and a huge 
metastatic tumor in the left femur and regional tissue. 


Case 9.—A 50 year old white woman was admitted with complaints of pain 
in the sternum and occipital headache of three months’ duration. There had 
also developed a tender lump on the frontal bone and pain in the left shoulder 
and axilla. Dulness over the lower lobe of the left lung and diminished breath 
sounds over the upper lobe of the right lung were noted. Biopsy of the sternal 
mass revealed metastatic adenocarcinoma, A probable diagnosis of bronchio- 
genic carcinoma was made, but the patient was too weak to be examined 
bronchoscopically. She died, after a gradual decline, two months later. 

Autopsy revealed carcinoma of the right main bronchus with extensive bony 
and visceral parenchymal metastases. 


Case 10.—A 58 year old white man was admitted with colicky abdominal 
pain of five weeks’ duration, associated with constipation, and obstipation for 
two days. The abdomen was diffusely enlarged, and there was an indefinite 
mass in the epigastrium. Conservative therapy with Wangensteen suction and 
colonic irrigations were ineffectual. Exploratory laparotomy revealed diffuse 
peritoneal carcinosis. Biopsy of the omentum showed metastatic adenocarcinoma, 
suggesting pancreatic origin. The patient died three days after operation. 

Autopsy revealed a large firm mass in the tail and body of the pancreas with 
extensive peritoneal implantation and extension to many segments of the ileum. 
The involvement of the small intestine was marked by stenosis and by penetra- 
tion to the mucosa, with occasional ulceration. 


Case 11.—The patient was a 38 year old white man. Three weeks before 
admission he noted sudden onset of swelling of the abdomen. This was progres- 
sive. Five days before admission he noted pain in the left leg, accompanied by 
swelling. The abdomen was markedly distended, with definite shifting dulness. 
Tenderness and swelling of the entire left lower extremity were present. Shortly 
after admission the patient became markedly dyspneic and apprehensive, went 
into shock and died within an hour. 


Autopsy revealed multiple small whitish nodules covering the entire extent 
of the peritoneum. No tumor mass was obvious in the abdominal or the thoracic 
viscera. On the gross appearance a diagnosis of tuberculous peritonitis was 
made. Microscopically, the whitish nodules were composed of adenocarcinomatous 
tissue suggesting either gastric or pancreatic origin. In addition, left femoral 
thrombophlebitis and massive pulmonary embolism were found. 


Case 12.—A 59 year old white man was admitted complaining of epigastric 
pain and loss of weight. The stools had been alternately tarry and clay colored. 
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A resistance was felt in the right upper quadrant of the abdomen. A large 
mass was present in the lower portion of the neck. Enlargement of the cervical 
and supraclavicular lymph nodes was noted. A roentgenogram of the esophagus 
revealed obstruction at the fourth dorsal vertebra by an extrinsic mediastinal 
mass. The patient became disorderly and disoriented, requiring large doses of 
sedative. Bronchoscopic examination revealed no evidence of an intrinsic bron- 
chial neoplasm. 

Autopsy revealed carcinoma of the bronchus to the upper lobe of the right 
lung and massive involvement of mediastinal lymph nodes with obstruction of the 
superior vena cava and local infiltration into the pericardium. The esophagus was 
displaced posteriorly. 


Case 13.—A 60 year old white man had swelling of the abdomen of two 
weeks’ duration. There was a small liver, and abdominal paracentesis yielded 
2,600 cc. of straw-colored fluid. Four days after admission the patient suddenly 
collapsed and died within a few minutes. 


Autopsy disclosed marked interstitial pancreatitis and adenocarcinoma of the 
pancreas with massive carcinomatosis of the peritoneum and ascites. Grossly 
the pancreas showed hyperlobulation with no definite tumor nodules, but micro- 
scopically the cancerous features were obvious. 


Case 14.—A 58 year old white woman was first observed in 1936 because 
of increasing severe dyspnea of several months’ duration. At that time pleural 
effusion was found on the left, which was repeatedly tapped, with improvement. 
The pleural fluid contained grouped cells of adenocarcinoma. During the subse- 
quent four years the patient underwent thoracentesis innumerable times and 
received large doses of high voltage roentgen radiation. During this interval 
extensive clinical and laboratory investigations yielded no definite diagnosis 
of the primary site. The patient was admitted to the hospital for the last time in 
1940 and died after a relentless downhill course, marked terminally by sudden 
onset of pain in the left side of the chest and severe dyspnea, accompanied by 
hyperresonance and diminished breath sounds on the left, interpreted as spon- 
taneous pneumothorax. 

Autopsy revealed hydropneumothorax on the left. The pleura on the left 
side was markedly thickened, and the left lung was markedly shrunken and col- 
lapsed. No primacy tumor was found after careful dissection of the bronchi. 
The ovaries were moderately enlarged and revealed primary papilliferous, opaque, 
grayish white tissue completely replacing the ovarian stroma. The pleura was 
markedly fibrotic and hyalinized with metastatic carcinoma discernible in a few 
places. 


Case 15.—A 64 year old white man was admitted with a history of dyspnea 
and pain in the lower part of the right side of the chest of six months’ duration. 
Paracentesis for pleural effusion on the right had been done repeatedly in the 
six month interval. Repeated examinations of sputum, bronchography with 
iodized poppy seed oil and bronchoscopy yielded no definite information as to the 
cause of the pleural effusion. No other thoracic symptoms and no urinary com- 
plaints were noted. The course was steadily downhill with development of Pneu- 
mococcus type 33 sepsis terminally. 


Autopsy showed marked thickening of the pleura on the right with limited 
extension to the periphery of the lower lobe of the right lung. After careful 
dissection of the bronchi, no definite primary site was noted. The prostate grossly 
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was of normal size, was somewhat indurated and presented many greenish black 
calculi. Microscopically there was diffuse adenocarcinoma of the prostate with 
marked perineural lymphatic invasion. The pleura as well as the lung showed 
metastatic adenocarcinoma. Empyema of the right pleural cavity was found, 
yielding Pneumococcus type 33 on culture. 


Case 16—A 45 year old Negro man complained of cough of eight months’ 
duration, associated with pain in the right side of the chest, malaise and night 
sweats. Diminution of breath sounds over the entire right side of the chest was 
noted, and coarse rales were heard over the bases of the lungs. The sputum was 
negative for acid-fast bacilli. A pleural effusion on the right was aspirated, with 
considerable relief. Two weeks after admission there were induration and edema 
of the right side of the chest beneath the region of the right nipple, and the edema 
and redness increased. A definite mass could not be outlined. Bronchoscopic 
examination was withheld because of the rapid onset of marked weakness and 
cachexia. 


Autopsy revealed adenocarcinoma infiltrating the right breast and the regional 
pectoral muscles, metastasis to the axillary lymph nodes and widespread pleural 
carcinomatosis of the right lung. No intrabronchial tumor tissue was identified. 
A large abscess cavity was noted in the upper lobe of the right lung, and empyema 
was present in the right pleural cavity. 


Case 17.—A 68 year old white woman entered the hospital with the complaint 
that a mass had been present in the left inguinal region for the past four years. 
This mass had been reducible by means of a truss except in the last year. About 
seven weeks before admission to the hospital she complained of intermittent pain 
in the region of the mass and vague pain in the upper part of the abdomen. The 
latter was associated with anorexia, weakness and constipation. She had had dark 
stools recently. A large liver, a mass in the epigastrium and left indirect inguinal 
hernia were noted. Six days after admission she had sudden onset of general 
abdominal pain, associated with tenderness and rigidity in the upper abdominal 
region. Laparotomy revealed a large lesion of the stomach with perforation, 
diagnosed as carcinoma. 


At autopsy a large mass, 10 cm. in diameter, was observed in the pyloric region, 
with perforation and general peritonitis. Adherent omentum was seen in the region 
of the gastrorrhaphy. It was established that the mass in the inguinal region was 
a metastasis to the left inguinal nodes. 


Case 18.—A 38 year old white man was admitted with a history of cough since 
September 1938 and of blood streaking of the sputum for two weeks. In addition, 
he had progressive loss of weight, night sweats and dyspnea. Increased retrosternal 
dulness was noted. A roentgenogram of the chest showed marked widening of 
the mediastinal and pericardial shadows. The liver and the spleen were moderately 
enlarged. Firm axillary lymph nodes were palpated. The patient pursued a 
gradual downhill course and died eight weeks after admission. 

Autopsy revealed extensive tumor infiltration of all the mediastinal structures 
with involvement of the hilus of each lung and the pericardium. A huge retro- 
peritoneal mass showed complete destruction of the body and tail of the pancreas 


and replacement by opaque grayish tumor tissue. The head of the pancreas showed 
the usual markings. 


Case 19.—A 47 year old white man was admitted because of marked enlarge- 
ment of the right side of the neck for three months and recent pain in the right 
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flank, treated as a renal ailment. Dysphagia and dyspnea had been noted only during 
the past three to four weeks, associated with a loss of 25 pounds (11 Kg). The 
neck showed large masses, fixed, confluent, rapidly growing, which first appeared 
in the upper nodes and then in the lower. The diagnosis of Hodgkin’s disease 
or lymphosarcoma was considered until biopsy, concurred in by several pathologists, 
established the diagnosis as metastatic anaplastic carcinoma. Bronchoscopic exami- 
nation and careful study of the nasopharynx never revealed the primary tumor. 

At autopsy the primary site was not established, as permission had been 
given for a limited examination only. The head, nasopharynx and neck were 
not explored. Extensive anaplastic squamous carcinoma metastatic to the 
adrenals and general metastasis to the cervical, mediastinal, mesenteric and 
retroperitoneal nodes were found. 


Case 20.—A 62 year old white man complained of abdominal discomfort and 
pain of three weeks’ duration associated with constipation and light yellow 
stools. A loss of 35 pounds (16 Kg.) during the past four months was noted, 
and abdominal enlargement was seen within the last few weeks. The pertinent 
findings were an enlarged liver, extending 5 fingerbreadths below the costal 
margin, a sense of a large mass in the epigastrium and diminished breath sounds 
over the apex of the right lung anteriorly with dulness over the right half of 
the chest. A roentgenogram of the chest revealed a large triangular area of 
consolidation extending outward from the region of the right hilus, suggesting 
cancer of the bronchus to the middle lobe of the right lung. A small amount of 
bloody fluid was aspirated from the right pleural cavity. The patient grew 
rapidly worse and died thirteen days after admission. 

At autopsy an ulcerated cancer of the proximal portion of the bronchus to 
the middle lobe of the right lung was seen with infiltration of the surrounding 
parenchyma over an area measuring 3 cm. in diameter. The regional lymph 
nodes were enlarged and contained metastatic tumor tissue. The liver was 
markedly enlarged, weighing 3,410 Gm., and contained innumerable small and 
large metastatic carcinomatous nodules. 


Case 21—A 50 year old white man complained of epigastric distress of 
three months’ duration, accompanied by loss of weight, anorexia and light 
yellow stools. There was a large tense mass in the epigastrium and right 
upper quadrant of the abdomen, with diminished breath sounds and dulness 
over the entire right lung. A roentgenogram of the chest revealed a dense 
shadow covering the entire right lung field. Aspiration of the right pleural 
cavity yielded 2,000 cc. of frankly purulent material. A gastrointestinal roent- 
genogram series showed no evidence of intrinsic neoplasm of the stomach. 
Despite thoracotomy and removal of large amounts of purulent material from 
the right pleural cavity, the patient went gradually downhill and died two months 
after entering hospital. 

At autopsy an ulcerating tumor was found in the bronchus to the lower lobe 
of the right lung, with extension to the regional pulmonary parenchyma and 
marked infiltration of the entire pleura, and a well developed empyema cavity 
on the right. The liver was massively enlarged, weighing 5,450 Gm. The 
stomach and esophagus were displaced to the left. 


Case 22.—A 27 year old white man was admitted because of recurrent episodes 
of hemoptysis and pain in the lumbosacral area, and died seventeen hours after 
admission. Two years previously he had a chancre, for which he received ade- 
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quate treatment, and subsequently the blood Wassermann test gave negative 
results. He took several doses of colchicine for rheumatic pains. He was pale, 
with a moderate icteric tint to the skin. A few inconstant rales were heard 
throughout both lungs. The liver was slightly enlarged. There were no other 
findings of note. Shortly after admission his lungs began to bleed actively and, 
following a massive hemoptysis, he died. 

At autopsy both lungs showed extensive metastases which, because of central 
grayish zones and peripherally placed hemorrhagic areas suggested a diagnosis 
of choriocarcinoma of the testicle. The primary tumor was found on section 
of the left testicle, and the tumor mass measured only 2.5 cm. in diameter 
(fig. 2). 


Case 23.—A 55 year old white man gave.a history of severe colicky abdominal 
pain and vomiting of five hours’ duration. Three years previously he noted epi- 
gastric pain. During the past six months he had suffered from anorexia, weak- 
ness and epigastric discomfort. During the past three months he had noted a 
slight cough with blood streaking of the sputum on three occasions. On admis- 
sion he was acutely ill with no significant findings other than those of general 
peritonitis. Immediate laparotomy revealed general peritonitis originating from 
a perforation of the proximal portion of the ileum at the site of an intrinsic 
tumor mass. The resected portion of intestine showed four distinct tumor 
nodules with an ulcer over each mass. The largest measured 4 cm. in diameter, 
and at its site there was marked diminution of the lumen. A minute perforation 
through the serosa was noted. The regional lymph nodes showed metastatic 
tumor tissue. Several prominent pathologists disagreed as to the diagnosis on 
study of the resected specimen, their views varying from ganglioneuroma, myo- 
sarcoma, lymphosarcoma and metastatic carcinoma or melanoma and malignant 
carcinoid. The patient’s condition gradually grew worse, with death occurring 
on the fifteenth postoperative day. 

At autopsy there were innumerable submucosal and mucosal tumor nodules 
beginning in the pyloric region and extending down to the distal portion of the 
sigmoid colon. Most of these presented central ulceration. The bronchus to 
the lower lobe of the right lung showed an area of narrowing 6 cm. from its 
origin, with opaque, grayish white tumor tissues replacing the usual bronchial 
markings and showing limited extension to the regional pulmonary parenchyma. 


Case 24.—A 63 year old white woman entered the hospital because of swell- 
ing of the right inferior extremity of three days’ duration. The right leg and 
thigh were markedly swollen. An indurated right fornix and an enlarged mass 
in the left ovary were found. In the rectum there was also a firm mass which 
appeared to be beneath the mucosa. The patient went rapidly downhill, showed 
impending gangrene of the right inferior extremity and died within a week. 


Autopsy revealed thrombosis of the right common and external iliac veins. 
Both ovaries were enlarged, the right measuring 8 by 5 by 3 cm. and the left 
6 by 4 by 2.5 cm. On section, both ovaries were occupied by homogeneous gray- 
ish white tissue, suggesting Krukenberg tumors. The entire stomach was 
shrunken and indurated, and on section opaque, firm, grayish white tissue was 
noted infiltrating the mucosa and submucosa and penetrating through the mus- 
cular coat. The inferior vena cava was filled with a large embolus, measuring 
8 cm. in length and 1.5 cm. in diameter. 
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Case 25.—A 46 year old white man was admitted because of pain in the 
right upper quadrant of the abdomen and in the paraumbilical region of five 
weeks’ duration. The abdominal pain radiated around the right costal margin 
to the tip of the right scapula. There was intermittent fever. No other abdomi- 
nal or thoracic symptoms were noted. On admission, a large mass was revealed 
in the epigastrium, and there were diminished breath sounds and rales over the 
upper lobe of the left lung and the lower lobe of the right lung. While the 





Fig. 2 (case 22).—Left testicle showing replacement of approximately one 
half of the parenchyma by a primary tumor, diagnosed as choriocarcinoma, with- 
out enlargement or distortion of the contour of the organ; x 16. 


patient was in the hospital there developed on the outer aspect of the left tibia 
an erythematous indurated area, which became tender and fluctuant. This was 
at the site of a compound fracture that occurred eight years previously. Incision 
and drainage were performed, and the material removed was found to be ana- 
plastic neoplasm suggesting sarcoma. Roentgen exmination of the chest demon- 
strated a large, poorly demarcated area of increased density extending outward 
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from the left hilus. The patient gradually declined and died seven weeks after 
coming to the hospital. 


At autopsy a hugh mass was found replacing the right adrenal gland, with 
marked regional compression of the right kidney. An ulcerating tumor was 
found in the bronchus to the lower lobe of the left lung (figs. 3 and 4). 


In summary, 17 men and 8 women are represented. The ages varied 
from 27 to 68, with a mean age of 54. Symptoms due to the primary 


Fig. 3 (case 25).—Massive metastasis to the right adrenal with distortion 
but no invasion of the underlying kidney. 


cancer were present before death in 3 cases. In 7 cases general symp- 
toms of cachexia were apparent. A correct diagnosis of the primary 
tumor was made ante mortem in 3 instances. Although the primary 
site was suspected in 5 others, it never was definitely established. The 
primary site was adequately studied clinically in 6 other cases, but the 
lesion was missed. In 6 instances the thought of cancer was not enter- 
tained. In retrospect, a clinical diagnosis of cancer is deemed to have 
been impossible in 5 cases, while the ability to diagnose the correct 











80 ARCHIVES OF PATHOLOGY 


primary site seems to have been remote in 11. In only 10 cases was 
the primary site accessible for clinical study. 

The primary neoplasms varied in size, 12 of them being large and 
2 very small. Nine of the tumors showed grade 4 anaplasia. A marked 
scirrhous reaction was present in 7 instances. Local lymphatic permea- 
tion was noted in 13 cases, while invasion of blood vessels in the primary 
focus was seen on 6 occasions. In the metastatic foci the growth was 
either large or diffusely invasive. Metastasis throughout the body 
was found in only 1 case, while metastasis to a distant point only was 
seen in but 3 cases. Combined local and distant metastases were 





Fig. 4 (case 25).—Primary ulcerating carcinoma of the bronchus to the 
lower lobe of the left lung. 


observed in 20 instances. The metastases were lymph borne in 19 
and blood borne in 11 instances. Carcinoma was the principal cause 
of death in all patients with the exception of the 3 in whom massive 
pulmonary embolism was the immediate terminal event. 

The cases listed, while representative, do not include many known 
and common forms of latent tumor. Willis, in the chapter devoted to 
this subject, has culled the vast literature of isolated case reports and 
has indicated the common sites for precocious metastases. Metastatic 
disease of the cervical lymph nodes has often been found as the first 
indication of a primary tumor in the nasopharynx, bronchus, larynx, 
esophagus, stomach or pancreas. Bone foci can be the secondary sites 
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that call attention to the primary sites of many cancers, among which 
the thyroid, breast, stomach, lung, kidney and prostate are common 
epithelial foci of origin. Bone involvement may occasion pathologic 
fracture or myelophthisic anemia. The central nervous system is 
another common site for dramatic initial symptoms of a cancer origin- 
ating from a bronchus, the stomach, a kidney, the pancreas or the 
thyroid. Initial manifestations due to extension to the peritoneum from 
the ovary are frequent. Distant hematogenous metastasis to mucous 
membranes, such as the vaginal, or to the skin is found in cases of 
hypernephroma, melanoma, choriocarcinoma or bronchiogenic cancer. 
Such clinical cases have been encountered, but none came to autopsy 
during the five year period and have been excluded. Any primary 
cancer can be, in fact, the occasional source of a symptomatic metastasis 
while presenting no symiptoms of itself. 


TABLE 2.—Incidence of Latency 











All Autopsy All Operative 
Cases of Cases of 
Carcinoma Carcinoma 
Primary Site by Site by Site 

—61 59 
58 25 
Pancreas 38 7 
Fundus uteri 8 
j 50 


Ovary 
Undetermined 


Incidence —During the five year period included in this study, 2,514 
autopsies were made, and 389 cases of cancer were found, with a total 
of 383 individual primary sites. In 8 instances the primary site was 
never established at autopsy. In 2 instances there were double primary 
tumors, the rectum being involved in combination with the stomach and 
the colon, respectively. All cases of miniature asymptomatic incidental 
adenocarcinoma of the prostate * have been discussed in a previous pub- 
lication and are excluded. Table 2 lists the primary sites and the 
relative autopsy and surgical incidence of latent forms of cancer. Using 
the criteria proposed in the discussion of the definition of latency, we 
found 25 cases of latent carcinoma in a total of 391 cases of carcinoma. 
These latent primary cancers were found at nine separate sites, cor- 
responding to a total of 203 instances of carcinoma for these sites— 
an incidence of latency of 11.5 per cent. For the total group of 391 


3. Baron, E., and Angrist, A.: Arch. Path. 32:787, 1941. 
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cases of cancer, this represents an incidence of latency of 5.9 per cent. 
The high incidence of bronchiogenic carcinoma in both the “total” 
and the “latency” groups is worthy of note. The frequency of diagnoses 
in the surgical material is seen to parallel the autopsy figures with the 
notable exceptions of prostatic and ovarian carcinoma. On this basis 
the clinical and the autopsy aspects of this problem may be said to 
be parallel. 

The sites of the precocious metastases are indicated along with the 
primary sites initiating the metastatic processes in table 3. The metas- 
tases in the central nervous system occasioned manifestations of obstruc- 
tive hydrocephalus, hemiplegia, the cerebellar syndrome, increased intra- 
cranial pressure due to an expanding lesion, and paraplegia associated 
with extradural spinal involvement. Bone involvement was evidenced 
by either pain or pathologic fracture. Involvement of the peritoneum 
and of the pleura usually caused effusion, with pain or intestinal obstruc- 
tion appearing in two cases. The size of the metastasis presented 








TABLE 3.—Metastatic Foci and Corresponding Primary Sites 
Site of Metastatic Foci Cases Site of Primary Oarcinoma 
Central nervous system................- 5 Lung (2); prostate; stomach; fundus uteri 
ere eee 4 Lung; stomach; kidney; pancreas 
‘ 


Peritoneum and pleura.................. Pancreas (2); ovary; prostate; lung; unde- 


termined; male breast 


DR Ris ivcaccnnseacecestensdavaes 3 Pancreas; stomach; undetermined 
| ECS aks ere aes 2 Lung (2) 

OS I SE eRe ror eee 1 Testis 

Nd i 5canaetecatebedeensorcthans tech 1 Lung 

Pinna di nsdn ieduakkederbuneireitied 1 Stomach 

Pc ccavncaseanqathenissriencecthsane 1 Lung 





the outstanding feature in 5 instances; in 2 of these the liver was the 
site of metastasis and in 2 the lymph nodes. The remaining large mass 
was found in the adrenal (fig. 3). The clinical picture, the precocious 
metastasis and the primary site are listed in table 3 for purposes of 
correlation and illustration of latency. 

Factors of Latency.—The latency of any cancer is determined by 
its biologic growth processes and by chance. All tumors are asympto- 
matic in their earliest stages of growth. In general, tumors produce 
symptoms because of the complications of ulceration, hemorrhage, infec- 
tion, effusion, necrosis, stenosis or compression. One or many of these 
complications may occur either with the primary tumor or with the 
metastasis. The early development of hemorrhage in the secondary 
site, as in case 22, or suppuration, as in case 5, before similar changes 
take place in the primary lesion may establish the basis for a diagnosis 
of latency. In case 23, intestinal obstruction was caused by a bulky 
ulcerating metastasis in the walls of the ileum. In case 10, the secondary 
scirrhous peritoneal involvement produced a stenosing lesion of the 
small intestine, with obstruction. Compression of a vital structure such 
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as the spinal cord, as in case 3, may patently occasion early complaints. 
Pleural effusion and ascites as the presenting symptom of a metastasis 
from a distant focus were seen in cases 14 and 15. 

It is obvious that the location of a metastasis of itself will condition 
the early or late appearance of clinical symptoms. Thus, a lesion in 
the leptomeninges around the foramens of Magendie and Luschka, as 
in case 1, or in the region of the internal capsule, as in case 4, will 
lead to an earlier and more dramatic episode then a lesion of similar 
size in the occipital lobe. In similar fashion, a hepatic metastasis (cases 
20 and 21), though large, will lie dormant for a greater length of time 
than a bone lesion of like dimensions. 

The proximity of the tumor to large vascular structures, as in case 
22, will be determinative of catastrophic symptoms as compared with 
an equivalent lesion in the relatively avascular periphery of an organ. 
Location in the tail of the pancreas (cases 10, 13 and 18), in the periph- 
ery of the lung (case 20), in the periphery of the kidney (case 6), 
or in the fundus of the stomach (case 8) will tend to keep the primary 
lesion silent. The inaccessibility of tumors of internal viscera and the 
contrasting accessibility of their metastatic foci predisposes to the 
evolution of the syndrome of latency. 

Some inherent biologic properties of the individual neoplasms play 
a role in determining their latency. The rate of growth in the metas- 
tasis as compared with that at the primary site is one such factor. 
The known tendency of certain neoplasms to invade vascular channels 
locally and to metastasize to distant sites is well illustrated by the 
small choriocarcinoma of the testis in case 22 and by the hypernephroma 
in case 6. Early lymphatic metastasis plays a similar role, as seen in 
cases 15 and 16. 

As will be noted in table 2, the lung, the stomach and the pancreas 
are the common primary sites in the latent material, as well as the 
major sites for the distribution of carcinoma in the whole autopsy 
series. That the frequency of occurrence of tumors of itself does not 
exclusively determine the frequency of latency is borne out by the 
fact that in this same autopsy series carcinoma was found in the rectum 
thirty-nine times and in the sigmoid twenty-four times, while the 
bladder, the esophagus and the colon were represented by 21, 17 and 
12 such lesions, respectively; yet no latent cancers were encountered 
in any of these primary sites. The series of cases of latent primary 
carcinoma is a small one, but it is noteworthy that the incidence of 
latent carcinoma in the lung and in the pancreas is particularly out 
of proportion to the general incidence of carcinoma in the total group 
of autopsies. 

Many common examples of latent cancer are not included in this 
series, as noted. It is hoped that the analysis of the term “latency” 
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and the establishment of specific limitations for its application will 
prompt others to report larger series, so that the true incidence of 
latent primary cancer can be rendered available to the clinician and 
the pathologist. 

SUMMARY 


An analysis and definition of the term “latency” in regard to cancer 
are offered. It is suggested that the term be used only for cancer which 
produces symptomatic precocious metastases while itself remaining 
silent. 

Twenty-five illustrative cases of carcinoma meeting the limitations 
of this definition were encountered in a series of 2,514 autopsies cov- 
ering a five year period, an incidence of 5.9 per cent of all cases of 
carcinoma. 

The main factor contributing to latency is inaccessibility of the 
primary cancer, coupled with the tendency to produce early massive 
or strategically located metastases. 





HISTOLOGIC ANALOGY OF BRONCHIAL ADENOMA 
TO LATE PRENATAL AND EARLY 
POSTNATAL STRUCTURES 


WILLIAM H. HARRIS Jr. M.D. 
NEW ORLEANS 


Only in recent years has emphasis been placed on the subject of 
noncancerous tumors of the bronchial tree. Of these tumors, “adenoma’’ 
is the most important. Womack and Graham expressed the opinion 
that tumors of this group are common. Goldman and Stephens? stated 
that such tumors comprise 6 to 10 per cent of all bronchial tumors 
and represent 25 per cent of all resectable bronchial tumors. Pollak, 
Cohen and Grassi * in a review of 104 cases of benign bronchial tumor 
found that 49 per cent were cases of adenoma. Thus, on the basis 
of incidence alone, adenoma of the bronchial tree assumes importance. 
This is not the only aspect to be considered, however, for much has 
been written as to the possible causes and as to the mother tissue. 

Several theories of origin have been suggested. 


Fried * expressed the belief that they arise from bronchial mucous 
glands. 


Reisner ° and Wessler and Rabin ® expressed the opinion that they 
arise from the duct epithelium of bronchial mucous glands. Goldman 
and Stephens? suggested that the epithelium of either the ducts or of 
the glands may be the site of origin. 

According to Laff," Mallory stated that these tumors resemble 
carcinoids of the intestinal tract. 


Womack and Graham’ called them “mixed tumors” and pointed 
out their resemblance to fetal lung. They stated further that other 
anomalies of various kinds are not infrequently associated. They thus 
favored the conception that these tumors are formed from embryonic 


From the Department of Pathology of the Tulane University School of 
Medicine and the Tulane Unit of the Charity Hospital of Louisiana. 


1. Womack, N. A., and Graham, E. A.: Arch. Path. 26:165, 1938. 

. Goldman, A., and Stephens, H. B.: J. Thoracic Surg. 10:327, 1941. 

. Pollak, B. S.; Cohen, S., and Grassi, A. M.: Arch. Otolaryng. 27:426, 1938. 
. Fried, B. M.: Arch. Otolaryng. 20:375, 1934. 

. Reisner, D.: Arch. Surg. 16:1201, 1928. 

. Wessler, H., and Rabin, C. B.: Am. J. M. Sc. 183:164, 1932. 

. Laff, H. I.: Arch. Otolaryng. 31:148, 1940. 
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Figure 1 


(See legend on opposite page) 
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bronchial buds that have failed to pursue normal development. The 
tumors contain both endodermal and mesodermal elements. Jackson 
and Konzelman ® indicated that they were not convinced of an origin 
from the epithelium of mucous glands. In discussing the paper of 
these authors, Stout and Churchill® both expressed the belief that 
adenoma arises from a vestigial structure of some type, possibly the 
“mediastinal lobe” of the fetal lung. Harris and Schattenberg *° in the 
consideration of various embryonal types of tumors of the lungs, have 
suggested that tumors of the secretory gland type may arise from “rests” 
of such glands. 
HISTOLOGY 

In all of the discussions of these tumors from the standpoint of 
histology their vascularity is emphasized. This feature is described 
repeatedly." The individual cells are usually stated to have small 
round darkly staining nuclei with a scanty amount of cytoplasm. It 
has also been frequently noted that a mistaken diagnosis of endothelioma 
might readily be made. Edwards and Taylor *** reported 4 cases in 
which the features of blood vessels, lymphocytes, and spindle cells in 
whorls were so prominent that they called the tumors “vascular endo- 
theliomas.” They stated that in a personal communication Barnard 


drew attention to some resemblance to lymphadenoid tissue. Brunn *** 


8. Jackson, C. L., and Konzelman, T. W.: J. Thoracic Surg. 6:312, 1937. 

9. Stout and Churchill, in discussion on Jackson and Konzelman.® 

10. Harris, W. H., and Schattenberg, H. J.: New Orleans M. & S. J. 94:333, 
1942. 

11. (a) Zamora, A. M., and Schuster, N.: J. Laryng. & Otol. 52:337, 1937. 
(b) Brunn, H., and Goldman, A.: Surg., Gynec. & Obst. 71:703, 1940. (c) 
Edwards, A. T., and Taylor, A. B.: Brit. J. Surg. 25:487, 1938. (d) Goldman, A.: 
California & West. Med. 53:123, 1940. (¢) Brunn, H.: J. Thoracic Surg. 9:119, 
1939. (f) Womack and Graham.t (g) Fried* (A) Laff.? (4) Jackson and 
Konzelman.® 








EXPLANATION OF FiGurE 1 


A, photomicrograph showing the general topography of the sections studied. 
Lymphoid nodules are indicated by arrows; A designates the aorta; E, the esoph- 
agus; B, the divisions of the bronchi. X 10. 

B, photomicrograph of bronchial mucous glands of a newborn infant, showing 
rather ill defined cell membranes and a somewhat haphazard arrangement of acini 
within the limiting basement membrane. x 200. 

C, photomicrograph of bronchial mucous glands of a newborn infant at lower 
magnification, to show the relationship of these glands to th: lumen (L) and the 
cartilaginous rings of the bronchi. X 50. 
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likewise commented on the resemblance of the tumor cells to lympho- 
cytes in his cases. 


Other forms of adenoma, however, show a histologic structure which 
does have a secretory gland appearance, the main body of the tumor 
being made up of polyhedral cells with large round or oval reticular 
nuclei arranged in acini or in solid columns.’ In still other forms 
there is a definite mixture of the glandular type cells and the cells 
with small round dark nuclei. Thus it certainly seems likely that there 
are here two possible elements: (1) mesodermal, showing especially 
cells resembling lymphoid tissue with varying proportions of blood 
vascular elements; (2) endodermal, showing glandular cells resembling 
the glandular and ductal “epithelium” of the bronchial mucous glands. 


These statements are in accord with the work of Womack and 
Graham and would support their use of the term “mixed tumors.” 


MATERIAL STUDIED 

There were available to me a considerable number of fetuses and newborn and 
stillborn infants. Since mention had been made of the possibility that adenoma 
is related to embryonic and fetal tissues, a study of the material from this point 
of view was undertaken. 

Fetuses ranging in age from 7 months to maturity and infants who died at 
from a few hours to three months after birth were studied—23 in all. In each 
instance a transverse section through the trachea and surrounding structures, just 
above the bifurcation, was prepared. A similar section was obtained through the 
region of the stem bronchi approximately 1 cm. beyond their origin. These areas 
were selected because they represent the predominant sites of such neoplasms. 
Figure 1 A reveals in general the topography of the regional structures concerned. 

Duplication of findings was so consistent in all the age periods enumerated 
that general statements applicable to the observations in all specimens may be made. 


STEM BRONCHI 


The salient features of observation were the character and the 
location of secretory glands. It may be primarily mentioned that the 
bronchial epithelium at these stages, while of a columnar ciliated type, 
is of delicate texture, easily disturbed and somewhat pale in tinctorial 
property. The lining epithelium of the glandular acini is quite at 
variance with the usual regulated, orderly arrangement of more or less 
pyramidal cell type present after the third month. The cell membranes 
are poorly formed, the cell outline is ragged, and the cells are distributed 
rather haphazardly within the limiting basement membrane (fig. 1 B). 
Occasionally a more immature gland is noted in which merely formative 
cells are aggregated. This same general aspect of poorly developed 
glandular elements has been noted in a bronchiogenic tumor (fig. 2 A). 
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Such glandular patterns form a distinct contrast to those noted after 
maturation (fig. 2B) or in a simple bronchial glandular polyp in which 
proper configuration of cells and arrangement are present. 





Fig. 2—A, photomicrograph of a bronchial “adenoma” showing predominant 
glandular elements, rather poorly developed and resembling the bronchial mucous 
glands of the newborn infant (fig. 1B). x 250. 3B, photomicrograph of normal 
bronchial mucous glands of an adult. The more mature acinous arrangement, 
with nuclei at the base of the glandular cells, is to be noted. x 200. 
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Fig. 3—A, photomicrograph of bronchial lymphoid tissue of a newborn 
infant, showing the absence of germinal centers, the loosely arranged stroma 
and the very large and prominent sinuses containing many red blood cells. 
Other red blood cells are scattered among the lymphoid elements. x 200. B, 
photomicrograph of bronchial “adenoma” showing the predominant cells with 
small round darkly staining nuclei, resembling lymphocytes. Large sinusoidal 
spaces containing many red blood cells are also seen. Other red blood cells are 
dispersed through the section. Note the resemblance to A. x 200. 
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LYMPHOID AND VASCULAR STRUCTURES 


The vascular structures of the bronchi consist of numerous thin- 
walled blood vessels in which the mural development is greatly restricted. 
They appear more like blood sinuses than true vessels. They are of 
various sizes and are distributed to the greater extent in the submucosa. 
Such characteristics may, however, persist at times in adult structure. 
What is especially noteworthy is that these blood vascular characteristics 
are greatly exaggerated in the closely approximated and often con- 
tiguous lymphoid tissue. Not only are such blood sinuses very 
numerous and diffusely scattered throughout, but the blood cells and 
lymphoid cells may be intimately dispersed without evidence of mural 
separation. The stroma of these immature lymphoid glands is slight 
and irregularly arranged. Furthermore, there is no cortical and 
medullary differentiation or nodule formation. The germinal centers 
have not developed at such stages (fig. 3.4). It is to be stressed that 
these structures are in contiguous juxtaposition to the outer structure 
of the main stem bronchi and at times may protrude into the walls of 
the bronchi. This feature is emphasized in that bronchiogenic adenoma 
may closely simulate both the cellular pattern and the vascularity of 
such lymphoid developments (fig. 3 B). In the tumor formation, however, 
a delicate stromal structure is often arranged in acinal compartments. 


COMMENT 


These observations deal with the features of immaturity in very 
early life of certain structures of the main stem bronchi and the adjacent 
lymphoid tissue. The embryonal malplacements or maldevelopments 
of such structures have not been considered here. However, the 
intricacies of developmental characteristics of the lungs have been stressed 
by Gruenfeld and Gray,’? wherefrom it can be deduced that these struc- 
tures are likely fields for such complications. That such actually occur was 
shown by Flint,’* who described the occurrence of squamous cell islands 
in the lining of normal bronchi, and by Rector and Connerly,’* who 
emphasized the presence of aberrant islands of columnar ciliated 
epithelium and of gastric mucosa in the esophageal lining. 

Neglecting these possibilities, however, the observations reported 
here simply point out the similarity of infantile types of structures, 
especially the bronchial mucous glands and the peribronchial and peri- 
tracheal lymphadenoid tissue, to the histologic findings in bronchial 
adenoma. Since, in the material studied here, the bronchial mucous 
glands occurred not only just beneath the mucosa but more deeply 


12. Gruenfeld, G. E., and Gray, S. H.: Arch. Path. 31:392, 1941. 
13. Flint, J. M.: Am. J. Anat. 6:1, 1906. 
14. Rector, L. E., and Connerly, M. L.: Arch. Path. $1:285, 1941. 
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between the cartilaginous rings, and since the lymphadenoid tissue 
was found not only peribronchially and peritracheally but within the 
walls of bronchi and trachea as well, it can be deduced that tumors 
arising from such tissues may be intramural or extramural or may 
extend into the bronchial or the tracheal lumen. Such locations for 
bronchial adenoma have been described by Goldman.™* It is also to 
be mentioned that adenomatous tumors have been found to occur in 
early life and often date their inception within the first decade of life. 

The potentiality of these immature histologic structures for origi- 
nating or assuming cancerous characteristics is, of course, conceivable. 

The present observations are compatible with those of Womack 
and Graham* and the subsequent ones of Harris and Schattenberg.’° 
The general term “adenoma” does not seem technically correct for all 
of these tumors, some being predominantly lymphoid in appearance. 
Likewise, since all are not of both lymphoid and secretory gland structure, 
the term “mixed tumor” is not always applicable. Perhaps an added 
suffix, such as “secretory type,” “lymphoid or angiolymphoid type,” or 
“mixed type,” would make the appellation “adenoma” more compre- 
hensive. 


ACROMEGALY WITH LONG-STANDING TUMOR 
INFILTRATION OF THE CAVERNOUS 


SINUSES 
CHARLES SPARK, M.D. 
AND 
SAMUEL B. BILLER, M.D. 
NEW YORK 


Since Marie’s* classic description of acromegaly in 1886 many hun- 
dreds of cases have been reported with detailed anatomic studies.2 The 
many advances of the last decade in knowledge of the function of the 
hypophysis have given a more rational interpretation of its numerous 
and complex morphologic changes. New concepts regarding cell lineage 
in the anterior lobe (Severinghaus *) and an understanding of the many 
factors capable of altering the structure and function of the pituitary 
gland have aided considerably in clarifying the older and somewhat 
confusing morphologic studies of acromegaly, as well as those of other 
pituitary diseases. 

The case of acromegaly to be described is one of those in which 
unusual and atypical features are exhibited which would be confusing 
if viewed solely from their anatomic aspects but which can be reason- 
ably explained from the physiologic point of view. 


REPORT OF A CASE 


A man 27 years of age was admitted to Montefiore Hospital in November 
1915. The only relevant point in the family history was that all members of 
his family were large and stocky. His illness began in 1912 with severe occipital 
headaches radiating down both shoulders. After two years the pains radiated to 
the face and were dull and continuous, with frequent exacerbations. In 1911 he 
married, and his wife bore two healthy children. His libido and potency were 
excessive for two years, but beginning in 1913 they progressively diminished, and 


From the Laboratory Division of the Montefiore Hospital. 
‘1. Marie, P.: Rev. de méd., Paris 6:297, 1886. 

2. (a) Atkinson, F. R. B.: Acromegaly, London, John Bale Sons & Daniels- 
son, Ltd., 1932; (b) Endokrinologie 17:308, 1936. (c) Berblinger, W.: Pathol- 
ogie und pathologische Morphologie der Hypophyse des Menschen, in Hirsch, M.: 
Handbuch der inneren Sekretion, Leipzig, 1932, vol. 1, pt. 6, pp. 910-1097. (d) 
Cushing, H., and Davidoff, L. M.: The Pathological Findings in Four Autopsied 
Cases of Acromegaly, with a Discussion of Their Significance, Monograph 22, 
Rockefeller Institute for Medical Research, 1927. 

3. Severinghaus, A. E.: A. Research Nerv. & Ment. Dis., Proc. (1936) 17: 
69, 1938. 
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by March 1915 he became completely impotent. In 1914 he began to suffer from 
polydipsia, polyphagia and polyuria, and his weight dropped from 180 to 153 
pounds (81.5 to 69.5 Kg.). In 1911 he wore shoes of size 9, while by 1915 his 
shoes were of size 10 or 11. In 1915 he began to suffer pains in the joints of 
his hands and knees and became progressively weaker. At this time (early in 
1915) a change in his features was noted. There was an increase in hair growth 
from the onset of his illness. 

He was admitted to the Mount Sinai Hospital in New York in May 1915. 
There typical acromegalic features were noted, and large hands with the fingers 
thickened throughout their length. The left lobe of the thyroid was enlarged, 
and there was a definite exophthalmos. The Stellwag sign was present. Three 
incisors of the lower jaw were separated, loose and carious. The rest of the 
teeth were in fairly good condition. The roentgenogram of the skull revealed 
large sinuses but a small sella turcica, with the anterior and posterior clinoid 
processes almost meeting. The eyegrounds were normal. Lumbar puncture 
revealed an initial spinal fluid pressure of 240 mm. of water. The urine con- 
tained less than 0.1 per cent reducing bodies. 

On his first admission to Montefiore Hospital, in November 1915, the patient 
was 73 inches (185.5 cm.) in height and weighed 153 pounds (69.5 Kg.). The 
features were typically acromegalic. The hard palate was high and narrow. 
The thyroid gland was enlarged, and the external genitalia were larger than 
normal. The heart and lungs were normal. Muscle power was diminished. 
The skin of the body was moist and warm, while that of the toes was cold and 
cyanotic. A few verrucae were present. The hair was thick and dense on the 
head, the eyebrows and the pubis. The left palpebral fissure was smaller than 
the right, but the pupils were equal and reacted to light and in accommodation. 
The urine contained reducing bodies up to 5 per cent. The hemoglobin content 
was 85 per cent with 4,200,000 red blood cells. 

Neurologic examination December 13 revealed normal ocular movements and 
normal visual fields. The optic disks showed no evidence of neuritis. How- 
ever, it was observed that the veins of the upper eyelids were dilated. 

The facial pains were severe and were described by the patient as “pins and 
needles.” The headaches continued unabated and were now chiefly supraorbital. 

Feb. 10, 1916, weakness in the lower part of the right side of the face was 
observed. 

March 30 Dr. C. Elsberg performed a craniotomy on the right temporal area. 
The intracranial pressure appeared normal, and no abnormalities were noted. The 
wound was therefore closed without any other surgical maneuver. Following 
the operation, the patient manifested symptoms and signs referable to the cranial 
nerves. Three days after operation the patient complained that he was unable 
to see on the left side, and examination revealed left homonymous hemianopia. 
The next day the defect in the visual field diminished to a quadrantic area on 
the left side. April 9 the patient was able to see objects close to him, but 
they appeared blurred. There were no signs of optic neuritis, and the disks were 
pale. April 10 the patient complained of double vision. Examination at this 
time revealed marked limitation of motion of the left internal and superior recti 
muscles and incomplete ptosis on the left. Diplopia was present only at close 
range and a little to the right of the median line. 

Neurologic examination April 13 revealed bitemporal hemianopia with the 
left nasal field being less extensive than the right. The field of vision was thus 
restricted more in the left eye. Both optic disks showed decided pallor, the left 
more than the right. The left pupil was somewhat larger and slower in response 
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to strong light stimulation than the right. There was diplopia in the left nasal 
field of vision. There was intense pain on test movements or on looking intently. 
Improvement in vision gradually occurred and by April 28 vision was 20/20 in 
the right eye and 20/30 in the left eye. 

Two months after the operation the patient showed marked improvement. 
The headaches disappeared, and there were no visual disturbances aside from 
slight myopia. There was no longer any glycosuria even on a regular house 
diet. Muscular strength increased. Sexual vigor returned but lasted only three 
months. The extreme sensitiveness of the bones of the skull to slight pressure 
that had existed before the operation entirely disappeared. At the time of dis- 
charge there was only an occasional pain in both the supraorbital and the sub- 
occipital region. There were no longer any pains in the face. The only remaining 
sign of involvement of a cranial nerve at the time of discharge was slight 
weakness of the lower part of the right side of the face. During his ten month 
stay in the hospital the patient gained 22 pounds (10 Kg.). 

Following his discharge from Montefiore Hospital, he worked and gained 
weight up to 205 pounds (93 Kg.). He remained in comparatively good health 
for fifteen years. In August 1931 he was struck by an automobile and rendered 
unconscious for a few minutes. A diagnosis of contusion of the head was made 
at Bellevue Hospital, New York. During his three day stay at that hospital 
glycosuria was discovered. After the accident he suffered intermittent frontal 
and occipital headaches and glycosuria remained. 

He was readmitted to Montefiore Hospital in April 1932, complaining of 
cough, pain in the left side of the chest, loss of weight and general weakness. 
Examination revealed physical and roentgenographic signs of consolidation of the 
upper lobe of the left lung. The sputum contained numerous acid-fast bacilli. 
Roentgenograms of the skull (fig. 1A) revealed no evidence of destruction of 
the floor of the sella or of the clinoid processes. The blood pressure was 120 
systolic and 80 diastolic. The body weight was now only 177 pounds (80 Kg.). 
The basal metabolic rate was +1 and +7 per cent. The urine contained 1 to 
5 per cent dextrose, and the fasting blood sugar amounted to 323 mg. per hundred 
cubic centimeters. The hemoglobin content was 63 per cent, and the red blood 
cell count was 3,600,000. 

The jaws were now completely edentulous, and the tongue was large. The 
body musculature was flabby and hypotonic. The eyegrounds showed no changes. 
The visual fields were roughly normal, but the right temporal field was slightly 
less extensive than the left. The right palpebral fissure was wider than the left, 
and the pupils were small, slightly irregular and showed a poor reaction to light. 
The movements of the eyeballs were normal. The left nasolabial fold was more 
prominent than the right. Of interest is the fact that the patient sneezed when 
light was flashed in either eye. 

The diabetes was moderately severe, and the pulmonary lesion was active. 
Pneumothorax was induced on the left side. With dietary control and insulin 
(80 units daily) the diabetes and the tuberculosis both improved. By March 1933 
insulin was no longer necessary. He was discharged to the tuberculosis clinic 
in September 1933. Insulin was again necessary in June 1935. 

In August 1935 the patient began to suffer recurrent anginal attacks, which 
were unrelieved by nitrites or sedatives. An electrocardiogram made in August 
1935 was normal, but one made four months later showed left axis deviation and 
some slurring of the QRS complex in tead III. 

Two days before his last admission, July 30, 1936, he suffered nausea and 
took neither food nor insulin. The day of admission he suffered epigastric pain 
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which radiated to the substernal region. Four hours after admission to the 
hospital he passed into a state of peripheral circulatory collapse and died within 
two hours. The diagnosis of acute coronary occlusion was made. The autopsy 
was performed fourteen hours post mortem. 





A 


Fig. 1.—A, lateral roentgenogram of the skull. Note the bony defect at the 
site of the temporal craniotomy, the normal-sized sella turcica and the huge 
paranasal sinuses. B, dorsal view of the hypophysis and of the contents of the 
cavernous sinuses (approximately x 2.2): c.a., carotid artery; i.s., infundibular 
stalk; c.n.v., filaments of trigeminal nerve roots; ¢.t., tumor tissue in the caver- 
nous sinuses. Arrows delimit the lateral borders of the hypophysis. 





Autopsy.—The features were typically acromegalic. The fingers were thick 
and broad. The skin was thick and tough and that on the face and back was 
covered with numerous small fibrous verrucae. The body was 74 inches (188 cm.) 
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long. The liver edge was 4 fingerbreadths below the right costal margin. Both 
lungs were attached to the wall of the chest by numerous firm adhesions. Each 
pleural space contained about 300 cc. of clear straw-colored fluid. The pericardial 
cavity contained about 30 cc. of clear fluid. 

The heart weighed 550 Gm. It was dilated and hypertrophied. The left 
ventricle measured 22 mm., and the right ventricle 5 mm., in thickness. The 
myocardium was firm and of normal color. There were no gross areas of 
scarring. The valves showed no abnormalities. The right auricle was dilated. 
Each coronary artery showed marked atherosclerosis throughout its course. In 
places the lumen was reduced to a pinpoint opening. No thrombi were noted 
in the larger branches. The aorta presented marked atherosclerosis with many 
ulcerations. 

The right lung showed congestion and edema. The pleura of the left lung 
was thickened. On section of this lung there were two cavities in the upper lobe 
filled with yellowish green purulent material. Scattered throughout both lobes 
were numerous acinonodular tuberculous nodules, some of which were calcified. 

The liver weighed 3,300 Gm. and was considerably enlarged. It was firm 
with a sharp edge. The gross structural configuration “was normal. 

The gallbladder presented no abnormalities. 

The spleen weighed 450 Gm. The capsule was smooth. On section the pulp 
was soft and scraped away easily. 

The pancreas weighed 180 Gm. 

The right adrenal weighed 10 Gm. and the left 13 Gm. On section the cut 
surface was yellow. The medulla showed some autolysis. No nodules were 
observed grossly. 

The right kidney weighed 410 Gm. At the upper pole was a large solitary 
cyst, 5 by 5cm. The left kidney weighed 400 Gm. The pelvis was slightly dilated. 
In the bladder slight congestion of the trigone was noted. 

The prostate was enlarged. In the left lobe a large abscess extended into the 
seminal vesicle and the vas deferens. The right lobe was normal. Both testes 
were normal in size and shape. The tubules strung out easily. The left epidid- 
ymis was enlarged and firm, and showed numerous yellowish cheesy nodules on 
section. 

The stomach was moderately dilated. The measured capacity was 4,000 cc. 
The small intestine was normal. In the colon at the hepatic flexure was a 
rounded, irregular, well circumscribed, raised tumor mass, 5 by 5 cm. The 
remainder of the bowel was normal. 

The lymphatic system showed enlargement of many nodes in the mesentery but 
no evidences of tuberculosis or tumor grossly. 

The thyroid weighed 110 Gm. Both lobes were considerably enlarged. No 
nodules were present. The cut surface was glassy and amber colored. The 
fourth parathyroids were slightly enlarged. 

A small remnant of the thymus was found. 

In the right temporal bone there was a roughly circular surgical defect, about 
3 cm. in diameter. The inner surface of the skull showed marked elevations 
and depressions corresponding to the convolutions of the brain. The skull was 
particularly thick in the frontal region. The dura was adherent to the under- 
lying right temporal lobe. 

The brain weighed 1,360 Gm. The blood vessels at the base showed moderate 
atherosclerosis. The optic tracts, chiasm and nerves appeared normal. 

The infundibular stalk of the hypophysis was unusually stout. The diaphragm 
of the sella turcica was flat. The dura overlying both cavernous sinuses was 
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raised from the base of the skull by an infiltration of tissue, which was soft and 
pinkish yellow on section. This elevation of the dura extended for a distance 
of 1.5 cm. on each side. 

3oth cavernous sinuses were completely filled by this tumor tissue as far 
anteriorly as the sphenoidal fissures and posteriorly to the anatomic limits of 
the sinuses. The hypophysis itself was small, measuring 10 by 7 by 7 mm., and 
was attached to, but not fused with, the tumor masses. The carotid arteries, the 
nerve trunks, the dura and the bone showed no gross evidence of tumor invasion. 
There were no obvious gross abnormalities of the other venous sinuses. The 
hypophysis and the adjacent tumor masses were dissected out in toto (fig. 1B). 

After removal of the hypophysis and the contents of both cavernous sinuses 
en masse, it was noted that there was generalized thinning of the sella turcica 
and of the adjacent greater wings of the sphenoid bone. The anterior and 
posterior clinoid processes showed only slight absorption. The hypophysial fossa 
was of normal dimensions, 11 mm. in its anteroposterior diameter and 11 mm. 
transversely. The nasopharynx was carefully examined for the presence of tumor, 
but none was found grossly. 

Microscopic Observations—The heart muscle fibers were normal to slightly 
hypertrophied. There were several microscopic areas of recent infarction, i. e., 
coagulation necrosis of muscle fibers, congestion of the capillaries and polymor- 
phonuclear leukocytic infiltration. A few areas of microscopic scarring and of 
fatty metamorphosis were present. The myocardial sinusoids were increased in 
number. 

In the lung there were caseating conglomerate tubercles surrounded by an 
alveolar exudate of fatty phagocytic cells. There was acute congestion of the 
alveolar capillaries. 

The liver showed no congestion. The nuclei of the liver cells were vacuolated. 
There was lymphocytic infiltration in the portal areas. 

In the spleen, the reticulum network was thickened, and there was an infiltra- 
tion of polymorphonuclear leukocytes in the pulp. 

The tumor mass in the colon was typical adenocarcinoma. 

The leg muscle fibers were large and the cross striations intact. 

The kidney showed slight arteriolosclerosis and arteriosclerosis. The glomeruli 
disclosed no significant changes. The tubules showed granular degeneration. 

The epididymis on the left showed acute purulent inflammation with abscess for- 
mation. In several veins there was an infiltration of polymorphonuclear leukocytes 
and lymphocytes. No tubercles were present. 

The acini in the uninfected portion of the prostate showed no abnormalities. 

The adrenal cortex was thick and rich in lipoid. It showed numerous areas 
of nodular hyperplasia and several small foci of lymphocytes. The glomerular 
zone showed slight fibrosis. The medulla disclosed no changes. 

In the testis about one third of the tubules showed varying degrees of atrophy 
up to complete fibrosis. The remainder revealed moderately diminished sperma- 
togenesis. Few adult spermatozoa were present. The stroma was edematous 
and slightly increased. The basement membrane of the tubules was thickened. 
Leydig cells were present in average numbers. 

In the pancreas the islets of Langerhans were diminished in number but were 
of good size and of normal structure. Slight arteriolosclerosis and arteriosclerosis 
were present. 
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The follicles of the thyroid varied considerably in size from small to large. 
The epithelium was flat to cuboidal, and the colloid was dense. There was a 
diffuse increase in the stroma. There was one large nodule with large follicles 
and cuboidal epithelium. 

All 4 parathyroids were removed and sectioned. Two glands were hyper- 
trophied. Water clear cells and oxyphil cells were rare in all the glands. The 
dark chief cells predominated. There was little lipomatosis. One gland showed 
an extreme degree of follicle formation with retention of colloid. 

In the hypothalamus the ganglion cells did not show the normal amount of 
iron pigment. Some appeared slightly swollen and disintegrated. 

The right optic nerve at the optic foramen had a few minute foci of tumor 
cells in the outer layers of the nerve sheath. 

The contents of the left sphenoidal fissure included several foci of tumor cells, 
1 to 2 mm. in diameter. There was no invasion of nerve trunks. The contents 
of the right sphenoidal fissure showed several microscopic foci of tumor cells. 
There was no involvement of nerve trunks by tumor cells. 

The posterior region of the tumor mass (through the left gasserian ganglion) 
revealed no infiltration of nerves or of the ganglion. In one area the outer layers 
of the dural roof of the cavernous sinus contained strands of tumor™ cells. 

In a coronal section through a cavernous sinus and the lateral portion of the 
hypophysis the carotid artery showed marked atherosclerosis. The adventitia was 
infiltrated by tumor cells. At one level there was a single layer of tumor cells 
between the media and the thickened intima, with a large clump of tumor cells 
in an atheromatous abscess in the intima. The nerve trunks were intact, but there 
was an infiltration of tumor cells among them. Several minute calcific deposits 
and microscopic islands of osteoid tissue were present in the tumor tissue. 

In a coronal section through the largest diameter of the tumor mass in a 
cavernous sinus the carotid artery was separated from the nerves in the lateral 
wall of the sinus by a mass of tumor tissue 12 mm. in thickness. The adventitia 
and in some areas the outer layers of the media of the carotid artery were infil- 
trated by tumor cells. There were several follicles filled with colloid up to 
0.5 mm. in diameter. No blood spaces were present. The gasserian ganglion 
showed scattered ganglion cells in various stages of dissolution—nuclear pyknosis 
and neuronophagia. 

In a coronal section through the middle of a cavernous sinus and including the 
lateral portion of the hypophysis (fig. 2B) the carotid artery was separated from 
the lateral wall of the sinus by tumor tissue only 5 mm. in thickness. There was 
only one microscopic focus of tumor cells in the region of the nerve trunks. The 
media of the carotid artery was free from tumor infiltration. The section through 
the hypophysis apparently was through the region of the pars intermedia, for 
several colloid-filled cysts were present. The pituitary tissue consisted largely of 
ripe basophils. A few ripe acidophils, transitional acidophils and transitional baso- 
phils were present. In the region adjacent to the nerve trunk, several endothelium- 
lined blood spaces were still patent, and some contained blood elements. 

In a sagittal section through the hypophysis (fig. 2A) there was con- 
siderable distortion of the structural pattern of the gland. The major portion of 
the anterior lobe was replaced by a diffuse growth of tumor cells with displace- 
ment of the remaining glandular tissue to the dorsal region of the gland and to 
the region of the pars intermedia. The region of the pars intermedia consisted of 
many colloid-filled follicles, which almost completely separated the anterior and 
posterior lobes and extended posteriorly for some distance into the neural portion. 
The capsule of the gland was markedly thickened. 

















Fig. 2.—A, sagittal section of the hypophysis through the infundibular stalk 
(xX 0.18) ; p.., posterior lobe; a.l., tongue of anterior lobe tissue; ¢.t., tumor tissue; 
c.t., connective tissue wall separating the tumor area from the remaining anterior 
lobe ; c., thickened capsule. Note the numerous colloid-filled follicles and cysts in the 
region of the pars intermedia and extending into the posterior lobe at X, below which 
is a dense connective tissue scar. B, coronal section through a cavernous sinus 
and the lateral portion of the hypophysis (approximately x 6.7): h., lateral por- 
tion of the hypophysis, in the region of the pars intermedia; c.a., carotid artery, 
showing atherosclerotic changes; c.n., trunks of the third, fourth, fifth and sixth 
cranial nerves; ¢.t., tumor tissue. 
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Each element will be discussed separately in detail. Cytologically, the growth 
within the pituitary gland and the larger masses in the cavernous sinuses showed 
only a few minor differences (fig. 3). 

The cells varied in size from two to four times the diameter of a red blood 
cell. They varied considerably in shape, but the majority were round to polygonal. 
The cytoplasm was coarsely granular, and many cells had numerous small vacuoles. 
The granules stained light pink with eosin, but only rare cells within the caver- 
nous sinuses stained with orange G. However, orange G-staining granules were 





Fig. 3—Tumor area in the anterior lobe (x 800). Note occasional binucleated 
cells. 


more numerous but still infrequent in the tumor cells within the anterior lobe. 
Many cells showed an accumulation of hyaline droplets in the cytoplasm, and in 
some almost all the cytoplasm was replaced by this homogeneous material. This 
hyaline change has been described by Bailey and Cushing.* 


The nuclei varied in size, and frequently a nucleus occupied the major portion 
of the cell. Binucleated and multinucleated cells were numerous, and most of 
them were very large. The frequency of this finding has been noted by Bailey 





4. Bailey, P., and Cushing, C.: Am. J. Path. 4:545, 1928. 
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and Davidoff.5 Chromatic substance was abundant, but large vesicular nuclei 
were also present. Many cells had small pyknotic nuclei. Mitotic figures were 
not observed. 

The cell growth was on the whole diffuse with a very fine fibrillar connective 
tissue framework and few capillaries. In several areas there was a more abun- 
dant loose connective tissue stroma. In the region of the pars intermedia anterior 
to the colloid-distended follicles there was an insensible merging of the tumor 
growth with the remaining glandular tissue of the anterior lobe. However, 
superiorly, anteriorly and inferiorly the tumor was well demarcated by a heavy 
overgrowth of collagenous connective tissue. 

In the cavernous sinus, there was a tendency to papillary growth along con- 
nective tissue stalks, and a few colloid-filled follicles were also noted. Some of 
the giant cells had large, irregularly shaped vesicular nuclei and large nucleoli. 

In the anterior lobe the remaining glandular tissue was confined to a thin 
layer of cells anterior to the cysts of the region of the pars intermedia, to masses 
of cells in between these cysts and to a larger triangular mass of tissue in the 
dorsal and posterior region, in front of the attachment of the infundibular stalk 
(fig. 2A). 

The cells in front of the pars intermedia were large “chromophobe” cells 
with large vesicular nuclei and hydropic granular cytoplasm. There was both 
a diffuse and a follicular growth. A few ripe basophils and rare acidophils were 
present in this area. At one level in this region transitional basophils were 
numerous. 

In between and to a lesser extent in front of the many colloid-filled cysts of 
the pars intermedia were large masses of ripe basophils. The largest of these 
nodules was one half the diameter of a low power field. 

The tongue of anterior Jobe tissue in the dorsal region of the gland consisted 
almost entirely of columns and follicles of large pleomorphic transitional baso- 
phil cells. Colloid masses, some of which were calcified, were present in several 
follicles. The cells were unusually large, with light blue finely granular cyto- 
plasm and large vesicular nuclei with prominent nucleoli. Ripe basophils were 
present in this area in small numbers. A few small ripe acidophils and rare 
large transitional acidophils were also present in this zone. 

In the posterior lobe the nerve tissue appeared more compact than it normally 
is. Pigmented cells were numerous, and there was only a very slight basophilic 
infiltration from the pars intermedia. Near the inferior surface there was a 
large area of replacement of the nerve tissue by collagenous tissue. Beneath 
this scarred area the pituicytes were numerous and arranged in amastomosing 
columns. 

The capsule over the entire gland was greatly thickened and contained small 
deposits of osteoid tissue. 

The infundibular stalk was thick and contained numerous pigmented cells. 
Small transitional basophils were present on its superior surface. 

Anatomic Diagnosis—The conditions diagnosed were: malignant adenoma of the 
anterior lobe of the hypophysis, with infiltration of both cavernous sinuses ; enlarge- 
ment of the liver, spleen, kidneys, pancreas and heart; hypertrophy of the adrenal 
cortex; colloid goiter; hypertrophy of the parathyroid glands; atrophy of the 
seminiferous tubules of the testes; multiple cutaneous verrucae; generalized arterio- 
sclerosis; sclerosis of the coronary arteries; recent and healed microscopic infarcts 


5. Bailey, P., and Davidoff, L. M.: Am. J. Path. 1:185, 1925. 
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of the myocardium; bilateral hydrothorax; chronic tuberculosis of the left lung 
with cavitation; tuberculosis of the prostate, left epididymis, seminal vesicles and 
vas deferens; adenocarcinoma of the colon. 


COMMENT 


This case presents several unusual clinical and pathologic findings, 
which will be discussed under several heads. 


Sella Turcica.—There was no roentgenographic evidence of enlarge- 
ment of the sella turcica over a period of twenty-four years. Postmortem 
examination revealed a pituitary gland of normal size with replacement 
of the major portion of the anterior lobe by tumor cells and almost com- 
plete filling of the blood spaces of both cavernous sinuses by these 
elements. 

As regards the presence or absence of sellar change in acromegaly 
or other pituitary disorders, it must be emphasized that the pituitary 
gland can double or even treble its weight without encroaching on its 
bony envelop. This is accomplished by obliteration of the perihypo- 
physial blood sinus, by lateral growth in the direction of the cavernous 
sinuses and in upward expansion. Rarely, there may be a tumor in 
the sphenoid sinus arising from remnants of the hypophysial duct 
(Erdheim®), and in such cases there may be no sellar changes. So, 
except in cases with marked enlargement of the hypophysis, the sella 
need show no enlargement. 

The normal variations of the sella also must be taken into con- 
sideration. Howe®* stated that the pituitary fossa is normally subject 
to great variations in size and outline and gives no information con- 
cerning the condition of the pituitary gland unless there is marked sellar 
enlargement or absorption of some portion of the bony envelop. This 
has also been our observation in many hundreds of autopsies. How- 
ever, in 93 of 100 cases of acromegaly reviewed by Davidoff * there was 
definite roentgenographic evidence of enlargement of the sella turcica, 
and in all but 8 of 248 cases reviewed by Atkinson ** the hypophysis 
was enlarged. Therefore, from both clinical and pathologic studies in 
instances of clinical acromegaly it appears that the pituitary tumor has 
reached a sufficient size in over 90 per cent of all cases to produce 
changes in the sella turcica. 


Size of the Pituitary Gland.—In the older literature there are reports 
of a number of cases of acromegaly with a pituitary gland of normal 
size. Petrén® cited 6 cases and reported 1 of his own. Petrén’s case 





6. Erdheim, J.: Beitr. z. path. Anat. u. z. allg. Path. 46:233, 1909. 
7. Howe, H. S.: Neurol. Bull. 2:233, 1919. 

&. Davidoff. L. M.: Endocrinology 10:461, 1926. 

9. Petrén, K.: Virchows Arch. f. path. Anat. 190:1, 1907. 
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was that of a man of 50 years with concomitant syringomyelia. Petrén 
stated that the hypophysis was not enlarged and showed no microscopic 
changes. Bailey and Davidoff * doubted that Petrén’s case was one of 
true acromegaly. But even granting the authenticity of the case it is 
important to note that the gland weighed 800 mg., which is definitely 
above the average but within the limits of normal for males (Ras- 
mussen*®). In an experience covering many hundreds of pituitary 
glands, weighed and carefully examined microscopically, we have never 
seen a gland weighing as much as 800 mg. that failed to show some 
histologic changes, either hyperplasia, adenoma formation, tumor 
metastasis, hemorrhage or inflammation. Israel‘ reported another case 
of acromegaly with a “normal’’-sized gland. The patient was a 54 year 
old man. The hypophysis weighed 720 mg., which is also slightly above 
the average. Israel further stated that a pituitary gland weighing as 
much as 1,000 mg. is not to be considered anomalous in view of the larger 
size of the body. This view is contrary to Rasmussen’s *° quantitative 
studies, which revealed only a moderate correlation between stature and 
the anterior lobe. Rasmussen could attempt no correlation between body 
weight and the anterior lobe because the weight at death was rarely the 
true weight. 

The case of Lewis ** appears to be one of early and relatively mild 
acromegaly. The hypophysis was not weighed or measured but appeared 
normal grossly. Microscopically, there was hyperplasia of the acido- 
philic cells with reduction in the number of chromophobes and basophils. 
There were no mitoses and no localized tumor. 

It is thus clear that the many reports of “normal” size of the pituitary 
gland in the presence of acromegaly must be considered with reserva- 
tions. While it is quite possible that the pituitary gland may be only 
slightly enlarged in cases of acromegaly, it is doubtful whether a careful 
cytologic study would not reveal evidences at least of hyperplasia in 
every instance. 

In contrast to many of the ambiguous reports on acromegaly is that 
of Erdheim.** His patient was a 43 year old man with dementia 
paralytica and acromegaly. The hypophysis weighed only 1 Gm., and 
the sella was not enlarged. There was an oval tumor, 11.6 mm. in 
diameter, in the anterior lobe. Microscopically, it was acidophilic 
adenoma. This case is similar to case 1 of Cushing and Davidoff,*4 an 
instance of acromegaly of thirty years’ duration in a man. The sella 


10. Rasmussen, A. T.: A. Research Nerv. & Ment. Dis., Proc. (1936) 17» 
118, 1938. 

11. Israel, O.: Virchows Arch. f. path. Anat. 164:344, 1901. 

12. Lewis, D. D.: Bull. Johns Hopkins Hosp. 16:157, 1905. 

13. Erdheim, J.: Frankfurt. Ztschr. f. Path. 4:70, 1910. 








SPARK-BILLER—ATYPICAL ACROMEGALY 105 


turcica was not enlarged, and the pituitary gland was of normal size. 
A tumor diagnosed as acidophilic adenoma was present within the 
anterior lobe. 

It must be emphasized that the absolute weight of the gland at death 
gives no accurate index of the size of the gland during life. The pituitary 
gland is subject to marked and rapid changes in size and weight, depend- 
ing on a number of agents which act on it. In pregnancy in a multip- 
ara, for example (Erdheim and Stumme**), the gland may weigh as 
much as 1,650 mg. at term and within a relatively short period after 
delivery return almost to its previous size. In instances of acromegaly 
one must consider the stage of the disease. One would expect the gland 
to weigh considerably less in the burned-out stage than during the period 
of marked clinical activity. Many of the glands of “normal” size 
reported in the older literature may have been larger at some time pre- 
ceding the death of the patient. In our case the gland was not weighed 
because it was left attached to the tumor masses in the cavernous sinuses, 
but its dimensions were well within normal limits. The total mass of 
the tumor growth, as can be judged from the photograph (fig. 1 P), 
was many times that of a normal gland. 

Nerve Involvement and the Cavernous Sinuses—Symptoms and signs 
referable to the visual apparatus occur in a large proportion of cases of 
acromegaly. In practically all instances these are due largely to upward, 
and to a much lesser extent to lateral, expansion of the pituitary tumor. 
The onset and course of the visual symptoms vary with the rapidity and 
direction of the tumor growth and with the secondary changes, such as 
hemorrhage or cyst formation. 

In the case under discussion there were no visual symptoms until 
three days after the operation, at which time there developed left 
homonymous hemianopia. This and the other visual manifestations must 
have been due to the operative trauma, for they completely disappeared 
within a period of one month after the operation. Numerous careful 
neurologic examinations revealed only minimal signs, even twenty years 
later. This is all the more remarkable in view of what was found at the 
postmortem examination. 

Weinberger, Adler and Grant ** discussed the problem of nerve 
involvement in pituitary adenoma with especial reference to the ocular 
nerves and their implication through infiltration of the cavernous sinuses 
by tumor cells. Infiltration of one or both cavernous sinuses by tumor 
cells may result when an invasive neoplasm infiltrates the region of the 


14. Erdheim, J., and Stumme, E.: Beitr. z. path. Anat. u. z. allg. Path. 46: 
1, 1909. 

15. Weinberger, L. M.; Adler, F. H., and Grant, F. C.: Arch. Ophth. 24: 
1197, 1940. 
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sella turcica from any direction. Erdheim’*® described a case of com- 
plete filling of the cavernous sinuses and destruction of the surrounding 
bony structure by a pituitary cancer. 

However, there is clinical evidence to assume that in this case the 
infiltration of the cavernous sinuses occurred early in the course of the 
disease and persisted over a period of many years. Furthermore, there 
were relatively few signs that pointed to this phenomenon. One must 
reason in retrospect in order to establish the sequence of events. 

The illness began with headaches. These were probably due to 
stretching of the capsule of the pituitary gland by the tumor or to dis- 
tortion and irritation of the carotid arteries (Ray and Wolff **). After 
two years there was definite radiation of the pains to the face. The facial 
pains were severe and described as “pins and needles.” These facial 
pains were due to irritation of the first two divisions of the trigeminal 
nerve. 

In November 1915 the only neurologic sign was a narrow left 
palpebral fissure. This was due to compression of the left oculomotor 
nerve. However, a month later a competent observer noticed that the 
veins of the upper eyelids were dilated. Following the craniotomy, the 
cranial nerve signs and symptoms appeared, and these are detailed in 
the clinical history. However, these phenomena disappeared one month 
after the operation, and even the facial pains almost completely subsided. 
Nineteen years after the operation, the neurologic signs were still 
minimal. 

It would seem that early in the course of the disease the cavernous 
sinuses become infiltrated by tumor cells from the anterior lobe. This 
may have occurred by invasion through the venous channels which 
empty into the cavernous sinuses or by direct invasion through the 
capsule of the gland., Schaeffer ** stressed the importance of the 
diaphragm of the sella in influencing the direction of growth of a pitui- 
tary tumor. A strong and complete diaphragm would prevent upward 
expansion in the direction of the optic chiasm and would direct growth 
in the direction of less resistance, i. e., laterally. 

The pains in the face, the partial ptosis of the left eyelid and the 
temporary dilatation of the veins of the upper eyelids indicated some 
involvement of the cavernous sinuses. The process must have been a 
gradual one, since the classic picture of thrombosis of the cavernous 
sinus was never evident. There was ample time for the establishment 
of anastomotic channels to care for the drainage of these sinuses. The 
appearance of frank neurologic signs several days after the operation 
was very likely due to operative trauma. 


16. Erdheim, J.: Ergebn. d. allg. Path. u. path. Anat. 21:482, 1926. 
17. Ray, B. S., and Wolff, H. G.: Arch. Surg. 41:813, 1940. 
18. Schaeffer, J. P.: Anat. Rec. 28:243, 1924. 
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The cavernous sinuses have connections in several directions 
(Walsh **). Through numerous venous channels there are communi- 
cations between the cavernous sinuses and the veins of the scalp, cal- 
varium, orbit, face, cerebral hemispheres and internal jugular veins. 
Furthermore, Atkinson“ pointed out that in acromegaly the venous 
sinuses and emissary veins are enlarged. This would aid in the establish- 
ment of a collateral circulation. 

In a series of 14 cases of pituitary adenoma with clinical signs of 
infiltration of the cavernous sinus Weinberger, Adler and Grant ** found 
proptosis in only 3 instances. With infiltration of a cavernous sinus 
by tumor cells, which is a relatively slow process, there is adequate time 
for the establishment of a collateral venous circulation. Hence, the 
vascular phenomena of cavernous sinus thrombosis are infrequently 
seen in these cases. Furthermore, Eagleton *° pointed out that chemosis 
and swelling of the lids in cavernous sinus thrombophlebitis are seldom 
due to venous obstruction alone. Suppuration, with its lymphedema, 
must be added to produce severe chemosis. 

In instances of recovery from acute septic thrombosis of the cavernous 
sinuses (Schall?!) subsidence of the engorgement of the orbital vessels 
requires several weeks to several months. 

A careful search of the literature has failed to reveal a similar case 
of such long-standing infiltration of both cavernous sinuses by tumor 
cells. Bergstrand ** reported a case of Cushing’s syndrome in a 42 year 
old woman with a basophilic adenoma of the anterior lobe which broke 
through the right side of the gland into the cavernous sinus and grew 
around the carotid artery and into the lateral wall of the sinus, so that 
the third and fourth cranial nerves and in places the ophthalmic nerve 
were surrounded by tumor tissue. The fundi were negative. There was 
bilateral chemosis of the eyeballs. However, this was a late phenomenon. 

One of the cases reported by Weinberger, Adler and Grant * (case 7) 
was that of a 48 year old acromegalic man. There was complete 
paralysis of the muscles of the right eye with ptosis and a dilated fixed 
pupil. Bitemporal hemianopia was present. Vision was 1/60 in the 
right eye and 6/60 in the left. The sella turcica was expanded and 
eroded, and both sphenoidal fissures were eroded. A tumor, diagnosed 
as acidophilic adenoma, was removed at operation. Six years after 
operation there was residual impairment of upward and downward 
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rotation of the globe and partial ptosis. The authors stated that the 
cavernous sinus‘was encroached on by the tumor even though this 
could not be demonstrated at the operating table. However, in this 
case the tumor in the sella had reached a large size by the time the 
cavernous sinuses were implicated. 

Erdheim ** reported a case of acromgaly of twenty-two years’ dura- 
tion in a 48 year old woman who showed involvement of the cavernous 
sinuses and optic chiasm late in the course of the disease. There were 
bitemporal hemianopia with diminution of the visual fields, beginning 
atrophy of the right optic nerve and marked atrophy of the left optic 
nerve. The left pupil was wide, with a poor reaction to light, and the 
eyeball was turned outward. The patient died two days postopera- 
tively. At autopsy the sella was greatly enlarged. The pituitary tumor 
grew upward and compressed the optic chiasm and the third ventricle. 

30th cavernous sinuses were filled with tumor. Microscopically, the 
tumor showed loss of acidophilic granules. In this case also, the involve- 
ment of the cavernous sinuses was a late phenomenon, and the pituitary 
tumor was large. 

Cytologic Character of Acromegaly.—From the standpoint of cytology 
the pituitary adenoma in acromegaly varies with the stage of the disease 
and the degree of clinical activity (Bailey and Cushing‘). In prac- 
tically every case there occurs some hyperplasia or adenoma formation 
of acidophilic cells at some time during the evolution of the disease. 
Bailey and Davidoff,’ Bailey and Cushing * and Cushing and Davidoff *4 
have fully discussed this subject and have presented a full review of the 
literature. 

Frankel, Stadelman and Benda** were the first to study carefully 
the changes in the hypophysis in a series of cases of acromegaly. They 
recognized that hyperplasia of the chromophil cells, probably indicating 
an excessive activity of the gland, was the important factor in the pro- 
duction of the disease. The importance of understanding the life cycle 
of the acidophil cell is clear from the report of Cagnetto,”® who in 1907 
cast some doubt on the hypophysial origin of the disease on the basis of 
a case of acromegaly with a pituitary tumor consisting entirely of 
chromophobe cells. Other similar cases have been reported. But 
Cushing and Davidoff ** pointed out in their monograph that the appear- 
ance of the acidophil cells may vary from the fully granular forms to 
those with fine dustlike granules. The granules may even disappear in 
the end stages of the disease, when there occurs a state of pituitary 


23. Erdheim, J.: Virchows Arch. f. path. Anat. 281:197, 1931. 
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SPARK-BILLER—ATYPICAL ACROMEGALY 109 


insufficiency. Krumbhaar ** had pointed out earlier that in instances of 
acromegaly with nonacidophilic tumor of the pituitary gland the possi- 
bility of progression beyond the acidophilic stage must be considered. 
Severinghaus * also emphasized the point that adenoma of apparent 
chromophobe cells could be associated with symptoms attributed to 
hypersecretion of a chromophil type. This is due to a discharge of 
secretion so rapid that no accumulation of granules occurs. 

Severinghaus * gave a complete survey of the subject of cell inter- 
relationships in the anterior lobe of the pituitary gland. The dynamic 
concept that he presented helps to elucidate many apparently contradic- 
tory features of pituitary cytology. The markedly labile reaction of the 
anterior lobe of the pituitary gland of the rabbit in response to thyroidec- 
tomy and thyroid feeding has been demonstrated by Marine, Rosen and 
Spark.*' The profound changes in the anterior lobe of the pituitary 
gland produced in several species of animals by the administraiton of 
pregnancy urine extracts or estrogens have been demonstrated by many 
investigators.*® 

The entire question of hyperplasia and adenoma formation in the 
anterior lobe must therefore be reconsidered in the light of this experi- 
mental work. Huge tumors of the anterior lobe have recently been 
produced in castrated and normal rats of both sexes by the administra- 
tion of diethylstilbestrol (Nelson **) and in castrated and partially 
adrenalectomized male rats by the injection of estradiol dipropionate 
(Rosen °°). 

Careful histologic study of the pituitary gland revealed that approxi- 
mately three fourths of the glandular tissue of the anterior lobe was 
replaced by a growth of tumor cells. These tumor cells were obviously 
of limited growth potentiality, for over a period of many years they 
failed to break through the cysts of the pars intermedia into the posterior 
lobe or through the diaphragm of the sella to implicate the optic chiasm. 
Nor was there any invasion through the thick layer of connective tissue 
which separated the tumor tissue from the large tongue of hyper- 
trophied basophils in the dorsal region of the anterior lobe (fig. 2 4). 

Morphologically, there was no infiltration of the perineural sheaths 
of any of the nerves that traverse the cavernous sinuses or their walls, 
but there was infiltration of the walls of the internal carotid arteries. 
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There was no destruction of bone, and only microscopic infiltration of 
dura. Hence, on the basis of the heterotopia of the growth and the 
atypical appearance of the cells, one must make the diagnosis of malig- 
nant adenoma, in spite of the limited growth potential of long standing. 

Cytologic Character of the Remaining Anterior Lobe.—The cytologic 
observations on the remaining glandular tissue are of great interest. 
Few ripe acidophils were observed. A moderate number of large 
hydropic “chromophobe” cells were noted anterior to the region of 
the pars intermedia. The majority of the glandular cells consisted of 
ripe and transitional basophil cells. The ripe basophils were grouped in 
small adenomatous nodules in the pars intermedia zone, while most of 
the transitional basophils were located in the dorsal region of the gland. 

These transitional basophils were of striking appearance. They were 
two to three times the size of normal ripe basophils and had large 
vesicular nuclei with prominent nucleoli. There was marked pleo- 
morphism. 

In a correlated study of several hundreds of pituitary glands we 
have observed that degranulation of basophil cells is frequently coinci- 
dental with the finding of diminished spermatogenesis. Experimentally, 
degranulation of the basophil cells can be brought about in several species 
of animals by administration of an estrogen and by thyroidectomy. Loss 
of basophilic granules also occurs in pregnancy. In the case under dis- 
cussion there was not only fairly marked diminution of spermatogenesis 
but extensive and long-standing replacement of anterior lobe tissue by 
tumor cells. The hypertrophy of the basophil cells may thus also repre- 
sent an attempt at regeneration of active secreting glandular elements. 
This is analogous to the hyperplasia of thyroid remnants after subtotal 
thyroidectomy (Halstead **; Marine and Lenhart **). 

Other Features—The remaining features of this case, namely, the 
occurrence of diabetes mellitus early in the course of the disease, the 
presence of marked enlargement of the thyroid gland and the changes in 
the gonadal sphere are too well known to require comment. These 
related hormonal disturbances are readily understood in the light of the 
newer information regarding the function of the hypophysis and its 
dominant role in the regulation of the endocrine system. 


SUMMARY 
This instance of acromegaly was observed clinically over a period 
of twenty-one years. The period of active growth was relatively short. 
This may have been due to early exhaustion of the acidophilic cells, as 
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evidenced by loss of granules. The most disabling symptoms were severe 
headaches, later those of diabetes, then those of tuberculosis. Death 
was due to sclerosis of the coronary arteries with acute terminal insuffi- 
ciency of these arteries. 

The headaches were severe enough to warrant surgical exploration 
of the pituitary gland. 

The diabetes occurred early in the course of the disease and showed 
marked spontaneous fluctuations in severity. The thyroid enlargement 
also was observed at the beginning of the disease. Both of these phe- 
nomena, together with the gonadal dysfunction, are easily understood 
in the light of present knowledge of the trophic functions of the anterior 
lobe of the pituitary gland. 

The hypophysis showed no enlargement. The main bulk of the 
tumor proliferated within the cavernous sinuses. The remaining pitui- 
tary tissue underwent hypertrophy. Infiltration of the cavernous sinuses 
was never suspected clinically, but must have occurred early in the course 
of the disease and persisted in a more or less static condition until death. 

At the time of death few tumor cells contained acidophilic granules. 
In fact, even in the remaining pituitary tissue acidophils were sparse. 
Yet, this finding is not incompatible with the theory that acromegaly 
is due to hyperfunction of the acidophilic cells. This hyperfunction is 
evidenced in over 95 per cent of cases of acromegaly by some hyper- 
plasia or adenoma formation of these cells. In about 20 per cent of 
the cases the tumor becomes cancerous. In this case, the cells not only 
lost their granules but also invaded the cavernous sinuses, the dura and 
the outer layers of the internal carotid arteries. 














Case Reports 


METASTATIC CARCINOMA OF SKELETAL MUSCLES 


F. W. Mutsow, M.D., Px.D., Cepar Rapips, Iowa 


Few reports of multiple metastases of carcinoma to skeletal muscles 
are found in the literature. The reasons for the rarity of metastatic 
tumors in skeletal muscles are not well understood. The present report 
is published because of the infrequent occurrence of metastatic carcinoma 
in several muscles of the body. 

It was stated by Willis * that “true blood-borne metastases in skeletal 
muscles are exceedingly rare.” He reviewed 15 cases reported in the 
literature and presented 4 additional ones. In 9 of these 19 cases there 
were multiple metastases in muscles. The muscles most frequently 
involved were those of the abdominal wall, the pectoral muscles, the 
deltoid, psoas and thigh muscles. The primary tumors in the 19 cases 
were given as follows: 6 were ocular tumors or melanotic, 2 were renal, 
2 were pulmonary, 2 were thyroidal and 6 were located in an external 
ear, the pharynx, the liver, the duodenum, the tail of the pancreas, the 
foot (sarcoma) and the face (glioma), respectively. In only 2 instances 
were the metastases present in several muscles. In the case reported 
by Bauer? the primary tumor was in the kidney, and in case 242 of 
Willis * it was in the pharynx and many muscles were affected. In 7 
others, two to five muscle metastases were present. 

In reviewing the literature on cancer of the pancreas it was found that 
Grauer,® in a table of 34 cases of pancreatic cancer, showed that muscles 
were involved in 2 cases, but he made no comment as to their location. 
Baldwin,* in a review of 50 cases of cancer of the pancreas, found 
metastases to muscles in 4 instances, with one muscle affected in each 
case as follows: the abdominal wall, the pyloric wall, the wall of the 
intestine and a psoas muscle. Flexner * demonstrated a case of cancer 
of the pancreas with metastases to a psoas muscle. Marten and Meyer ° 
reported a case of pancreatic cancer in a man 57 years old with metastases 
to the heart and a rectus abdominis muscle. Ritchie’ in 16 reported 
cases of metastatic carcinoma of the myocardium found that 2 of the 
tumors were primary in the pancreas. He also showed in a table (case 
30: 193) metastases to voluntary muscle from a primary tumor of the 
skin diagnosed as reticuloendothelioma, but he did not state what muscles 
were involved. Reports of tumor metastases in the myocardium are not 
so rare and are not discussed at this time, although the patient did have 
quite an extensive metastatic growth in the right side of the myocardium. 


1. Willis, R. A.: The Spread of Tumors in the Human Body, London, J. & A. 
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. Marten, M. E., and Meyer, L. M.: Am. J. Cancer 27:106, 1936. 
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REPORT OF A _ CASE 


J. C., aged 54, had enjoyed good health until he was “gassed” in the war in 
Europe in 1918. Since then he had been troubled with asthma. He worked for 
the railroad company for many years. There was no history of cancer in the 
family. 

His last illness began about a year prior to examination, with backache. The 
use of plasters and heat gave some relief at that time. About six months later 
he had what was thought to be the “flu” and was in bed for two weeks. About 
four months prior to examination his backache became worse; he also had pains 
in the chest and arms. He went to the Veterans Hospital, at Des Moines, Ia., 
for a needed rest and further treatment. A few weeks later an apparently diffuse 
induration of the left pectoralis major muscle was noticed. Other muscles became 
similarly involved in the succeeding weeks in the following order: the left biceps, 
the right sternocleidomastoid, the right pectoral and the lower part of the right 
latissimus dorsi. Considerable bladder trouble also developed with frequency and 
dysuria. A tentative diagnosis of myositis ossificans was made, but biopsy of the 
left pectoral muscle showed the presence of carcinoma in the muscle. His 
condition was slowly getting worse and more muscles were being involved. After a 
three months’ stay at the Veterans Hospital he returned home. He remained at 
home about a week, but because of his critical condition he was taken to Mercy 
Hospital, in Cedar Rapids, Iowa. 

The chief complaints when he entered the hospital were those of severe 
cystitis and severe pain and cramps in many muscles. He was unable to retain 
any food in his stomach and soon vomited fluids also. His condition rapidly 
became worse and he died ten days later. 

At the necropsy extensive carcinoma of the tail of the pancreas was found 
with extension into the retroperitoneal tissues of the left side. Other muscles 
involved were the left diaphragm posteriorly, the left psoas, the right and left 
pectoral muscles, the right lower latissimus dorsi, the left biceps, the right 
sternocleidomastoid, the wall of the cecum, the wall of the urinary bladder and 
the right side of the myocardium in the region of the ventriculoauricular junction. 

A large part of the left biceps muscle was replaced by tumor tissue and the 
arm had become fixed in a semiflexed position. The involvement of the left 
psoas muscle had caused thrombosis of the femoral vein with marked congestion 
and edema of the left leg about six days before death. He had no control of 
the urinary bladder while in the hospital. The prostate was small and was not 
involved. Most of the anterior and upper part of the bladder wall was infiltrated 
by tumor cells as shown by the microscopic sections. The liver, lungs, kidneys 
and spleen were not involved, although the capsule of the spleen was adherent to 
the growth in the pancreas. The left adrenal was involved by extension, as 
well as the capsule of the left kidney. 


Microscopic Examination—The tumor of the pancreas was found on micro- 
scopic sections to consist of rather small, deeply stained epithelial cells. The 
nuclei of these cells were relatively large. The tumor cells occurred in large 
diffuse masses for the most part and in smaller masses showing a tendency toward 
alveolar formation. There was little connective tissue stroma in the pancreas, but 
there was considerable diffuse scarring of the growth in the muscles. The tumor 
cells in the skeletal muscles, the myocardium, the wall of the urinary bladder and 
the cecum were small, deeply stained epithelial cells similar to those in the 
pancreas. There was considerable chronic inflammation of the muscles in the 
region of the tumor tissue. Biopsy of the left pectoralis major muscle by the Army 
Medical Museum, Washington, D. C., was reported to show metastatic carcinoma. 
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COMMENT 


The infrequent discovery of metastatic carcinoma in the skeletal 
muscles and the single metastasis or small number of metastases found 
in any one case attest to the rarity of metastatic carcinoma of muscles. 
A metastasis in a skeletal muscle when present is usually suspected during 
life because of the pain and impaired use of the muscle involved. A few 
of the theories explaining the localization of cancer metastases are the 
following : 

1. The circulatory anatomy. This is thought to explain the frequency 
of metastasis to the liver of abdominal tumors and to the lungs of tumors 
in other parts of the body. 

2. The frequent movements of muscles. This is thought to prevent 
the development of metastases in them. 

3. The metabolic or biologic properties of the tissues. The liver is 
thought to be susceptible because of its rich carbohydrate content and its 
poor oxygenation. The rarity of metastases in skeletal muscles is thought 
to depend in some way on the metabolism of the muscles, in which lactic 
acid, an important product of cancer cells, plays an important part. 

4. The metabolic activity of embolic tumor cells. According to 
Crile,* cancer cells must have a high capacity for the storage of electric 
charges, and this must be especially high for them to develop in muscles, 
which themselves have a high rate of metabolism. 

5. The vascularity of the organ. Highly vascular organs appear to be 
less often involved by metastatic growths but appear to be quite often the 
sites of origin of tumors with widespread metastases. The thyroid and 
kidneys have a rich blood supply but are not often the site of metastases, 
although tumors of these organs often have widespread metastatic 
growths. The kidney is often infarcted in cases of endocarditis, however. 

The frequent widespread metastasis of cancer of such organs as the 
thyroid, the kidney, the prostate and the pancreas and of some forms of 
cancer of the breast and stomach may be due to the development of high 
electric charges of the tumor cells, as mentioned, to the large number of 
tumor emboli that may be liberated from vascular tumors of these organs 
or to the fact that tumor cells developing in highly vascular organs or 
tumors may be capable of growing in the capillaries of the blood stream 
wherever they may lodge as emboli. The widespread metastasis of 
cancerous melanoma may be due to the fact that the cell from which it 
develops is a less differentiated type and to the tendency of this neoplasm 
to spread along and involve blood vessels. 


SUMMARY 


Metastasis of carcinoma to skeletal muscles is rare. A case of primary 
carcinoma of the pancreas with metastases to many skeletal muscles, the 
myocardium and the muscles of a few viscera is reported. 


8. Crile, G.: Am. J. Surg. 55:441, 1942. 











SIMULTANEOUS LEIOMYOSARCOMA OF THE UTERUS 
AND PAPILLARY CARCINOMA OF THE OVARY 


James W. Major, M.D., NASHVILLE, TENN. 


Multiple cancer in a patient was first described by Billroth, in 
1869. Since that time there have been numerous reports on the sub- 
ject and wide interest has been stimulated concerning the relationships 
of the various tumors to each other. Warren and Gates' published 
a comprehensive review of the entire literature in 1932. They collected 
1,259 cases exclusive of multiple myeloma and a few cases in which 
the pathologic diagnosis was considered uncertain. The age groups 
were essentially the same as with single cancer. Their calculated inci- 
dence of cases of multiple cancer among all cases of cancerous disease 
was 1.9 per cent for the total and 3.9 per cent for the Americas. 
It was their opinion that the occurrence was too frequent to be explained 
by mere coincidence. Orr? in a limited series of cases from the 
English literature found an incidence of 1.09 per cent. He calculated 
that if the occurrence were purely coincidental the incidence should 
range from 1.3 to 2.7 per cent. In other nonselected groups* the 
incidence has been reported as ranging from 1.7 to 2.7 per cent. 
Barnes * reported a review of the literature on 28 cases of simultaneous 
carcinoma and sarcoma of the uterus and added 2 of his own. He 
expressed the belief that in this type of tumor combination there must 
be a definite relationship, since the incidence is out of proportion with 
the coincident expectancy. All types of tumors and almost all combi- 
nations have been reported.® For a complete list of the variations, 
combinations and numbers of multiple cancers reference should be made 
to the paper of Warren and Gates.’ Prior to that time only a single 
incidence of the type of tumor combination recorded in this report 
had been described.2 This was a case of a 57 year old white woman 
with sarcoma arising from fibromyoma of the uterus associated with car- 
cinoma of the ovary. The latter tumor had metastasized to the peri- 
toneum. In 1934 Scudder and Fein ® published a brief review of the 
literature and reported a similar instance of their own. The patient, a 
52 year old white woman, had a large ovarian cyst removed at oper- 
ation which on microscopic examination was found to be cancerous. 
No metastases were found, and the uterus was small and atrophic 
at the time. Six months later she returned with a watery discharge 


From the Department of Pathology of Vanderbilt University School of 
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and an enlarged uterus. Removal of the uterus revealed leiomyosar- 
coma arising from leiomyoma of the uterus. Shortly after this the 
patient was found to have metastases of the latter tumor in the vaginal 
wall. In their paper they refer to 2 previous instances but cite only 
Orr’s case.* Their bibliography did not refer to another case report 
of similar tumors. I could find no further like cases recorded since 
that time. 
REPORT OF A CASE 


F. L., a 58 year old Negro woman, was admitted to the gynecologic service 
of the Vanderbilt University Hospital in May 1941. She was the mother of a 
child who is living and well. Her health had been good prior to March 1941. At 
this time vague discomfort in the lower abdominal region developed. One month 
later the discomfort became definitely painful and combined with a sense of weight 
and bearing down. These symptoms progressed and she lost about 5 pounds 
(2.3 Kg.) in weight. Her history was otherwise negative. She denied having 
had venereal disease. 

She was well developed and well nourished, showing slight evidence of loss of 
weight. The temperature was 98.6 F.; the pulse rate, 90; the respiratory rate, 20. 
The blood pressure was 150 systolic and 80 diastolic. She complained of moderate 
pain in the lower part of the abdomen. The head, neck, heart and lungs were 
recorded as normal. The abdomen was distended, and a large firm nodular mass 
was palpable in the lower quadrants, extending from the umbilicus to the symphysis 
pubis. The mass was thought to be smooth and movable. On pelvic examination 
it obliterated the normal landmarks. 

The urine had a specific gravity of 1.017; the reaction was acid; there was 
no albumin; the results of a microscopic examination were negative. 

The red blood cell count was 4,200,000; the hemoglobin content was 10 Gm.; 
the white blood cell count was 7,450; the differential count and the smear were 
normal; the nonprotein nitrogen was 25 mg. per hundred cubic centimeters. The 
Wassermann reaction was 4 plus on two occasions. 

Course—Because of a slight cough and fever, a roentgenogram of the chest 
was made, which revealed an aneurysm of the thoracic aorta. There was no 
history of signs or symptoms of cardiac decompensation. It was advised that she 
be given digitalis prophylaxis, with doses of 2 cat units (about 3 grains [0.19 Gm.]) 
twice a day. Following this there was a gradual rise in blood pressure from 150 
systolic and 80 diastolic to 190 systolic and 120 diastolic during the course of three 
days. Late on the third day the patient complained of sudden severe pain in the 
lower thoracic region, radiating into the abdomen and the lower part of the pelvis. 
Abruptly she became weak, cold and clammy; the pulse was rapid, and the blood 
pressure was 100 systolic and undetermined diastolic. Morphine and a 25 per cent 
solution of pyridine betacarboxylic acid diethylamide (coramine) were given. She 
died within thirty minutes after the onset of the pain. 

Clinical Diagnoses.—Syphilitic aneurysm of the aorta with rupture and multiple 
leiomyoma of the uterus were diagnosed. 


Autopsy—Gross Observations: The body was well developed, and there were 
no gross abnormalities of the head, eyes, ears, nose, mouth, neck or thorax. The 
abdomen was protuberant, and a large nodular mass, comparable in size to a five 
months’ pregnancy, was palpable in the lower portion. A small amount of clear 
fluid was present in the peritoneal cavity. There was a cyst in the upper mesentery, 
which contained approximately 500 cc. of thin brown fluid. A large nodular mass 
was present in the lower part of the peritoneal cavity, to which the omentum 
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and many loops of intestine were adherent. It completely obliterated the pelvic 
organs. The peritoneum in this region was studded with small white firm nodules, 
varying from 2 to 8 mm. in diameter. The mesenteric and retroperitoneal lymph 
nodes were enlarged and firm and on cut section contained white tissue. The 
pleural cavities contained no fluid or blood. The pericardial sac was not remark- 
able. The heart was moderately enlarged, and the ventricular walls were increased 
in thickness. The endocardium and valves were normal. A large saccular mass 
was noted in the posterior and superior mediastinum about the aorta. When 
opened, it yielded about 800 cc. of blood. The walls of the sac appeared to be 
composed of periaortic connective tissue. The aorta itself was tortuous and 
dilated in its descending portion and presented three separate enlargements. The 
first and largest marked the termination of the arch. It measured 4 cm. in diameter 
and on cut section was found to be a dissecting aneurysm filled with an old 
thrombus. Its walls were intact. The second enlargement, 5 cm. below the first, 
was smaller and involved only a small part of the wall. A small intact mural 
thrombus was present on the corresponding intimal surface. The third dilatation 
was at the lower portion of the thoracic aorta and projected 1.5 cm. posteriorly. 
At its apex was a defect from which a thrombus protruded. This apparently 
represented the point of rupture of the aneurysm. Cut section showed the entire 
dilatation filled with a thrombus. 

The liver was enlarged and showed congestion. The spleen, pancreas, adrenals 
and kidneys were normal on gross examination. The ureters were slightly dilated. 

The abdominal mass incorporated all the pelvic organs except the bladder. The 
mass itself was composed of several large rounded nodules. One of these, in the 
region of the right ovary, was cystic and of a blue color, It was filled with 
serous fluid, and papillary growth was present on one portion of its wall. The 
remaining nodules were solid, although in some areas they had a soft consistency. 
The rectum was embedded in the mass posteriorly and was surrounded by soft 
white amorphous tissue. On cut section there were three spherical nodules in the 
mass, two of which were circumscribed, white and firm. They appeared to be 
composed of whorls and sheets of tissue. The other nodule was soft and showed 
evidence of degeneration, which was not sharply demarcated. The uterus was 
very small, and its lumen was intact. The uterus and the aforementioned nodules 
were embedded in a mass of white tissue, parts of which were like that present 
about the rectum, other parts being firmer with a gritty consistency. Areas of 
degeneration were present throughout this tissue. The tubes and ovaries could 
not be identified (fig. 1). Examination of the brain revealed no gross abnormalities. 

Microscopic Observations: The aortic wall showed increased vascularity of 
the media and adventitia with plasma and round cell infiltration about the vessels. 
There was some scarring of the media, and acute and chronic destruction was 
noted at several points. Where the rupture occurred the aneurysmal wall was 
thinned out from the mouth of the sac to the apex, where it was entirely absent, 
leaving the thrombus in communication with the exterior. 

The liver showed numerous scattered areas of focal necrosis. These varied in 
size from those involving one to two liver cells to others including one fourth 
of a lobule. The necrosis was acute and associated with plasma cell infiltration 
plus a few lymphocytes. The triads also showed plasma cell infiltration. Focal 
necrotic areas with cells of the same types present were found in the adrenal 
glands. In the kidneys there were large areas of plasma and round cell infiltration, 
associated in some areas with necrosis. Some of these areas of focal necrosis were 
characteristic of miliary gumma. 
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Microscopically, the uterus was atrophic, and its mucosa was intact and showed 
no evidence of cancer. There were abnormal cells in some of the lymphatics of 
the walls of the body and cervix. They were epithelial in character with large 
dark nuclei and pink cytoplasm. In some areas they exhibited a tendency to 
form glands but mainly were in compact groups. Sections including the tissue 
just outside the uterus contained large masses of these cells, which not only formed 
glands and cystic areas but produced a papillary structure within these spaces. 
Mitotic figures were frequent. Where the glandular and papillary structure was 





Fig. 1—Photograph of the pelvic mass cut in the central anteroposterior and 
superior-inferior plane showing papillary cystadenoma (A), leiomyoma (B), tumor 
mass (C) and uterus (D). 


present the cells appeared columnar, although pseudostratification was also apparent 
(fig. 2 A). Sections from the soft white amorphous tissue about the rectum presented 
a different appearance. They were mainly composed of extremely cellular connective 
tissue. The cells for the most part were spindle shaped, were large and contained 
more chromatin in their nuclei than usual. Many of the round cell type were also 
present, and their general arrangement was in sheets, whorls and columns. Mitotic 
figures were abundant (fig. 2B). Some of the sections from these areas showed the 
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epithelial cells already described infiltrating directly into this neoplastic connective 
tissue. They were present in groups, glands, cystic areas and papillary form. 
Lymph nodes about the aorta were extensively invaded by the epithelial tumor. 
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Fig. 2.—A, photomicrograph of papillary adenocarcinoma of the ovary in a peri- 
aortic lymph node; B, photomicrograph of leiomyosarcomatous tissue about the 
rectum. 


The epithelial tumor described is characteristic of papillary adenocarcinoma 
of the ovary. It is present in the wall of the uterus, in isolated nodules, in the 
peritoneum and in the retroperitoneal lymph nodes. A large cyst is described 
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in the region of the right ovary, which showed microscopically the same type of 
cells in papillary form within the cyst. The uterine mucosa was found intact. 
This growth represents papillary adenocarcinoma of the ovary. The neoplastic 
connective tissue described is closely associated with the uterus and the multiple 
leiomyoma described. The cells have all the characteristics of leiomyosarcoma 
and have invaded the pelvis extensively. In some of the areas of metastasis the 
two tumors exist together. Mallory’s aniline blue stain shows the typical appear- 
ance with only a part of the cells stained blue, the remainder taking the red stain. 
The diagnosis of leiomyosarcoma of the uterus cannot be questioned. 


SUMMARY 


A brief review of the literature on multiple cancer is given. The 
only 2 cases of simultaneous leiomyosarcoma of the uterus and carci- 
noma of the ovary found in the literature are summarized and the 
report of a third case is presented. 
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VUIl. EFFECTS ON THE GONADS 
THE TESTIS 


Because of the sensitivity of the germinal epithelium to radiation 
and because of the great importance of this sensitivity, most of the 
experimental and clinical observations on the irradiated testis have been 
concerned with the spermatozoa and the cells from which they are 
derived. It must be remembered: that the so-called reversible and 
irreversible changes (Ellinger), or temporary and permanent azoo- 
spermia, are not fundamentally different, varying only in the number of 
germinal epithelial cells destroyed. 

The initial experiments of Albers-Schonberg demonstrated that a 
moderate amount of soft roentgen radiation (roentgen rays of long wave 
length and little penetrative power) given daily for periods of from 
fifteen to thirty minutes for a total of from one hundred and ninety-five 
to three hundred and seventy-seven minutes produced sterility in the 
5 male rabbits and 6 male guinea pigs treated, without impairment of 
their sexual potency. On 8 of the 11 animals autopsies were made; 7 
showed azoospermia and 1 oligonecrospermia. His observations were 
confirmed by Frieben, who made pathologic studies of the testes of these 
animals and found them to range from one third to one half the normal 
size and to show no spermatogenesis, but destruction of the epithelium 
lining the seminiferous tubules. 

The first observations on man were reported by Philipp; these are 
concerned with a man of 25 and another of 31 years of age; both showed 
azoospermia several months after irradiation of the testes. One patient 
had been treated with soft rays in divided doses for one hundred and 
ninety-five minutes ; the other, for three hundred and sixty-five minutes. 
In the case of the younger man, normal motile spermatozoa were still 
present at the end of the course of treatment, which required a period 
of thirty days. No examination of the testes themselves was made. 

In 1905 Brown and Osgood reported 18 cases of azoospermia or 
oligonecrospermia in roentgen ray workers. Six of the group also 
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showed roentgen ray dermatitis of their hands. All of those examined, 
who had done extensive roentgen ray work for more than three years, 
showed complete azoospermia. 

As a result of these early observations, adequate protection was 
provided in the great majority of instances of human exposure and the 
development of sterility became much rarer. 

The first thorough experiments were made by Bergonié and Tri- 
bondeau, who irradiated the testes of the white rat while shielding the 
rest of the animal. The exposures to relatively soft roentgen rays 
varied in duration from two to ten minutes and were repeated at inter- 
vals ranging from one to eight days. In no animal was there damage to 
the overlying skin following treatment. On gross examination the testes 
were soft and very translucent as a result of edema, which was marked 
at the periphery but somewhat less in the central portions. The 
observations were controlled by the removal of the opposite testis just 
prior to the application of radiation. When the microscopic sections 
were examined, it was found that there were varying degrees of 
destruction of the germinal epithelium. Mitotic figures had disappeared. 
Large spermatocytes were rare, and those that persisted showed 
considerable fragmentation of the chromatin. The spermatids, the small 
spermatocytes and the spermatogonia persisted longer than did the 
large spermatocytes and showed nuclear pyknosis rather than frag- 
mentation. Later, however, the pyknotic nuclei broke up, and their 
fragments usually disappeared, although survival of some bits of 
chromatin was not unusual. The spermatozoa were somewhat more 
resistant but gradually became adherent to one another and then dis- 
solved. The Sertoli cells persisted and eventually proliferated to form 
a syncytial mass, which frequently filled the lumens of the tubules, 
apparently by amitotic division. The rapidity of destruction of the 
germinal epithelium was, striking. All the testes removed a month and 
a half after the last series of treatments showed not only complete 
degeneration but removal of all traces of necrotic cells. 

The destructive effect on germinal epithelium of radium as well was 
demonstrated by Thies, who exposed the testes of adult guinea pigs to 
20 mg. of radium bromide for twenty-four hours. Fourteen days later 
spermatozoa were completely absent and the seminiferous epithelium 
was destroyed. The tubules were filled with masses of disintegrated 
tissue. The Sertoli cells were still in their normal situation, but their 
nuclei were somewhat swollen. 

Variation of the sensitivity of the germinal epithelium in different 
species was pointed out by Regaud, who showed that cats were more 
difficult to sterilize than rodents. In heavily irradiated testes, germinal 
cells similar to those seen in immature mammals persist and after a time 
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divide, with later appearance of spermatogonia. As in rodents, the 
Sertoli cells are relatively resistant. However, the spermatogonia and 
the spermatocytes of the first order in the frog are sensitive, a single 
exposure of thirty minutes at relatively low voltage being sufficient to 
produce extensive nuclear degeneration (Amato). 

A detailed consideration of cytologic changes due to radiation will 
be found in the observations of Barratt and Arnold on the testicles 
of the rat. These workers confirmed in general the observations made 
by others and added much detail of cytologic interest that is hardly 
pertinent to the present review. They emphasized the formation of 
fatty globules as a degenerative change in the cytoplasm of the spermatid. 
They also gave valuable time relations between the exposures and the 
various pathologic changes found. Necrosis has been observed in the 
spermatocytes of the first order and in spermatids as early as the third 
day following exposure to radiation. Vacuolation of the cytoplasm 
develops from the third to the seventh day, chiefly in the Sertoli cells. 
Multiple and abnormal mitoses occur in spermatocytes of the first order, 
appearing as early as twenty-four hours after the application of roentgen 
rays. Amitosis is marked in the Sertoli cells. 

Spermatozoa isolated on being irradiated with radium (2 mg. or 7.4 
mg.) (Hertwig) retain their power of penetration, penetrating the 
ovum, but lose their specific nuclear function; even slight exposure 
produces abnormalities in the offspring (Henshaw). 

Tsuzuki showed that within twenty-four hours after 12 per cent of 
an erythema dose was delivered to the testis of the rabbit there was 
degeneration of the nuclei of spermatocytes; after seventy-two hours 
there was degeneration of spermatogonia, and after ninety-six hours a 
greater extent of the germinal epithelium was involved. More than 30 
per cent of an erythema dose is required to give complete aspermia. 

On the other hand, Pickhan, on the basis of irradiation of the gonads 
of Drosophila, expressed the belief that 20 r is a safe dose for the gonads. 

Detailed mention of the interstitial cells is rare. Hu and Frazier 
reported no damage to the Leydig cells when rabbits’ testes were given 
4.4 erythema doses in six divided doses three days apart at 140 kilovolts. 
With this dose they found a few spermatogonia still present fifteen 
days after the last radiation, only the Sertoli cells and rare atypical 
spermatogonia at fifty-eight days and fibrosis at seventy-eight days. 

In general it is assumed that the interstitial cells are undamaged by 
the usual therapeutic use of radiation (Ellinger) and that their apparent 
increase in number is due to atrophy of the tubules (Schinz and 
Slotopolsky ). 

The epididymis of irradiated testes is devoid of spermatozoa (Thies) 
and is usually shrunken. 
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THE OVARY 


Since changes induced in the ovary by radiation may be reflected by 
changes in the organ itself, by changes in the other genitalia and by 
changes in the embryo, it is necessary to consider these effects to some 
extent separately. 

Atrophic changes in the ovaries themselves were first noted. Halber- 
staedter produced these changes in rabbits with relatively light, soft 
roentgen radiation. One ovary was irradiated; the opposite, shielded. 
The animals were killed ten days to three weeks afterward. The 
graafian follicles were smaller ten days after exposure and had almost 
completely disappeared by the fifteenth day. After the disappearance 
of the graafian follicles there remained clearly defined spaces with 
eosinophilic debris but without definite lining. There were no changes in 
the corpora lutea. 

These results were confirmed by Krause and Ziegler, who found that 
the cells of the zona pellucida had degenerated after six hours of 
exposure to radiation from a “hard Mueller tube.” In animals killed 
twenty-four hours later, the ova floated free in the liquor folliculi. 

The quantitative studies of Bergonié and co-workers showed that 
an ovary irradiated for sixty minutes with the soft roentgen rays avail- 
able in 1905 lost 42 per cent of its weight and that one irradiated for 
one hundred and forty minutes lost 85 per cent of its weight and was 
completely devoid of graafian follicles. These determinations were made 
one month after the use of radiation. 

Saretzky discovered that the maturing or matured follicles were the 
most sensitive to radiation, and Okinchits produced follicular degenera- 
tion as well as shrinkage of stromal cells. 

Although Simon had but few data (2 guinea pigs, 1 rabbit, 2 bitches 
and 1 human subject), his studies were careful. A guinea pig receiving 
10 Kienboéck units (1. erythema dose) was killed twelve hours after 
exposure and showed a hyaline residuum in place of the ova in the 
primary follicles. The ova in the more mature follicles showed varying 
degrees of degeneration. The remainder of the ovary was normal with 
the exception of scattered stellate hemorrhages. The second guinea pig 
received 12 Kienbock units (1.2 erythema doses) and was killed four 
months later. The follicular epithelium was almost entirely gone. The 
whole ovary was hyperemic. The stromal cells were swollen and glassy 
and had stained poorly. In the rabbit given 8 Kienbéck units (0.8 
erythema dose) changes similar to those in the guinea pig were observed 
at the end of a month, and at the end of one hundred and thirteen days 
the degenerative changes were marked. However, corpora lutea per- 
sisted. One bitch received 8 Kienbock units. Six days later an ovary 
was hyperemic with numerous hemorrhages in the stroma and the 
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follicles. Some ova had already disappeared, although there were a 
number of normal follicles. Three months later numerous corpora lutea 
were still present, but the graafian follicles were markedly degenerated. 
The second animal was given 16 Kienbock units (1.6 erythema dose), 
producing epilation and dermatitis. Three weeks after exposure to 
radiation the follicles showed marked degeneration and the ovary was 
hyperemic. Sixty-eight days later there had been extensive hemorrhage 
in the substance of the ovary and numerous follicles had become cystic. 
No normal follicles could be seen. The stromal cells were reduced in 
number, and their outlines were indistinct. In one human ovary, 
removed from a 42 year old woman after a total of 30 Kienbock units 
(3 erythema doses) had been administered, few follicles were present, 
and those showed degenerative changes similar to the changes in the 
lower animals. No evidence of regeneration was found in any of the 
ovaries examined. 

As little as 50 to 100 r delivered to the bodies of white mice will 
produce degeneration of a portion of the ova in the ovary (Mahnert). 
After five weeks, shrinkage and degeneration of the stromal cells 
frequently occur. Specht, using moderately light doses of radiation in 
rabbits, noted some degenerative changes in the interstitial cells. This 
is contrary to the observations of Wintz (1927), who was able to 
destroy the germinal epithelium without apparent injury to the other 
Ovarian tissues. 

It has become clear, however, that it is difficult to establish any 
uniform sterilizing dose. Thus, while 0.2 to 0.1 human erythema dose 
produced skipping of one or two estrual periods in the rat, the only 
histologic change noted was ovarian congestion (Drips and Ford). 
With heavier doses of radiation, sufficient to produce sterilization, a few 
small follicles and primary oocytes remained uninjured even with the 
most intense radiation. Such animals, however, are not fertile. Young 
animals are somewhat more susceptible to injury than older ones 
(Fraenkel). The minimal sterilizing dose for the guinea pig is about 
2,100 r, given in divided doses over six days (165 kilovolts peak; 
filter, 0.25 mm. copper + 1 mm. aluminum; focal skin distance, 50 cm.),. 
It is difficult to produce an ovary in which the interstitial cells are still 
present and all ova have been destroyed, the so-called interstitial gland 
ovary (Genther). 

Reifferscheid noted degeneration of the follicles and ova and 
occasional slight cortical bleeding in 6 human ovaries that had been 
irradiated. 

In a 30 year old woman whose ovaries had been repeatedly irradiated 
over two and a half years, receiving a total of four castration doses, the 
follicles were gone, but not the interstitial tissue (Borak and Windholz). 
It has been stated that about twice as much radiation is required to 
destroy the ovary as to produce aspermatogenesis (Clark). If oogenesis. 
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is active in the rabbit, it has been stated that 4,500 to 5,000 r are required 
to destroy the ovary (Gricouroff). Desjardins considered the ovaries 
as less sensitive than the white blood cells. It has been claimed that 
by ligating the ovarian blood vessels during a period in which the ovaries 
are irradiated the sensitivity of the ovary can be reduced (Ferroux and 
associates). Ford found that with 2,130 r the corpora lutea and the 
ovarian stroma of the gopher were unaffected in spite of massive 
destruction of the follicles. The corpora lutea are stated to be the most 
resistant portion of the ovary in the guinea pig (Fritschi) and other 
forms (Matthews; Rock and co-workers). Erhardt found that the luteal 
hormone is resistant to heavy doses of radiation. By irradiating the 
mouse with 200 to 500 r it is possible to cause disappearance of all ova 
in the larger follicles, but later recovery may be complete (Geller). 

The effectiveness of small doses of roentgen rays may be increased 
out of proportion to the total energy. Thus Guthmann showed, on the 
basis of 291 cases, that 25 per cent of an erythema dose delivered to 
the human ovary was not proportionate in effect to 80 per cent of an 
erythema dose. 

Cellular infiltration as a result of irradiation of the ovary is not 
marked, but some lymphoid infiltration may occur (Matthews). 

While stimulation has been claimed to occur with small doses of 
roentgen rays (Moppett), this has not been proved. 

The sterilizing dose in the rat with radium is 600 to 650 millicurie 
hours. Sixty-six per cent of radium-treated rats that lived for four 
months were sterile (Murphy). Murray, using the white mouse as 
an index, found that as little as 54 r produced some change in ovarian 
function; 150 r produced sterility in every instance. Schugt produced 
ovarian damage in mice with 54 r. Wintz (1928) stated that 34 per 
cent of an erythema dose completely and permanently stops ovulation 
and internal secretion in the human being and that 28 per cent produces 
temporary cessation only. Zondek expressed the belief that irradiation 
destroys maturing ova and does not permit the production of new ova. 
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IX. EFFECTS ON THE NERVOUS SYSTEM 
THE NERVES 


The material dealing with radiation changes in nerves is contra- 
dictory and incomplete, and not easily evaluated. Some workers (e. g., 
Kanocky) have been unable to demonstrate changes, while the degenera- 
tion described by others (e. g., Masumoto) is of uncertain significance. 
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Peripheral Nerves.—Meissel treated the skin of white mice, some 
with 1,000 to 3,000 r generated at 90 kilovolts and others with unfiltered 
radon of equivalent dosage. As the irradiated skin became hyperplastic, 
the terminal fibers grew along with it. Nerves involved in radiation 
necrosis regenerated as though cut. 

Doses of 1,000 to 4,000 r have been shown to hinder myelination 
and finally to destroy completely axons and neurons in the newborn 
rat (Leboucq). 

Exposure of the peripheral nerves of rats to roentgen rays in doses 
of 4,000, 6,000 and 10,000 r at 200 kilovolts produced no demonstrable 
histologic or physiologic changes. But complete degeneration of nerves 
and some evidence of degeneration of the sensory neurons resulted from 
exposure to 12,000 to 16,000 millicurie hours of gamma radiation 
(Janzen and Warren). 

The excitability of frog nerves has been studied by several workers 
and has been said by some to be decreased (Audiat and Strohl; Audiat, 
Auger and Fessard) and by others to be increased (Lazarus-Barlow 
and Dunbar; Rascanu and others; Redfield and others) after heavy 
radiation. 

Autonomic Nerves——A mild degeneration of neurons of the sym- 
pathetic ganglions of the rabbit has been demonstrated following direct 
exposure to roentgen rays (Suzuki). 

The careful studies of Griffith and Pendergrass revealed no evidence 
that light (165 kilovolts) roentgen radiation permanently or organically 
alters or destroys the sympathetic ganglions of rats. 

Ricker applied 150 mg. of mesothorium to a rabbit’s ear for sixty 
hours and concluded that the hyperemia was the result of the greater 
sensitivity of the dilator fibers. 

Langer observed a certain depressing effect of unfiltered rays in the 
autonomic nerves “if at the time of radiation the system is overirritated.” 
There was no demonstrable cytologic alteration. 

Summary.—Peripheral and autonomic nerves are highly resistant to 
radiation. 

THE CENTRAL NERVOUS SYSTEM 


From the practical angle therapeutic radiation as now generally given 
has no appreciable effect on nerve tissue. Interruption of the vascular 
bed rather than direct injury of the nerve elements is probably the cause 
of the rare nervous symptoms following irradiation of the brain or the 
cord. A distinction between injury of nerve tissue from radiation and 
injury from focal ischemia due to damage of blood vessels by radiation 
cannot always be made. Vascular effects are particularly important in 
an organ such as the brain, where anastomoses are few. 





WARREN—EFFECT OF RADIATION ON NORMAL TISSUE 129 


The pathologic problem is illustrated rather well in 2 patients in 
whom jacksonian epilepsy developed some time after irradiation of 
epithelioma of the scalp. One patient, whose case was reported by 
Fischer and Holfelder, had received 7 erythema doses seven years before 
epilepsy developed. Biopsy of the brain showed marked changes: loss 
of cortical structure, loss and alteration of ganglion cells, edema of inter- 
stitial tissue and thickening of the intracranial blood vessels, which 
showed hyaline or amyloid-like change. There was evidence of old 
hemorrhage and necrosis. The other patient, whose case was reported 
by Markiewicz, had been given an unknown amount of radiation over 
a period of five years ; nervous symptoms developed one and a half years 
after the last treatment, and death occurred six months later. In that 
part of the brain beneath the most severely damaged skin there were 
multiple necroses and some hemorrhages, most prominent in the white 
matter. The pial and intracerebral vessels were thickened. Pender- 
grass, Hodes and Groff reported on 3 patients who died of cerebral 
infection and thrombosis a few months after receiving heavy doses of 
radiation. No radiation effect was recognized, but it is possible that 
minor changes may have been masked by the severe and extensive 
inflammation. 

There are 2 remarkable cases of encephalopathy in childhood in which 
circumstantial evidence pointed to roentgen rays as the responsible 
agent. The first case, reported by Lorey and Schaltenbrand, was that 
of a 5 year old girl whose scalp was irradiated for trichophytosis. Com- 
plete epilation occurred within three weeks, and this was permanent on 
the right side of the scalp. Epileptic attacks and left-sided weakness 
were noticed a year later. Two years after treatment the child was still 
suffering from minor seizures, although major ones had become less 
numerous. Roentgen examination revealed atrophy of the skull and 
superficial calcification within the cranial cavity. The encephalogram 
showed the right lateral ventricle wider than the left suggesting atrophy 
of the right hemisphere. The skull was later trephined, and there was 
revealed pachymeningitis hemorrhagica (Schaltenbrand). The authors 
explained the pathologic process as a primary injury to the meninges and 
vessels which produced a dural hematoma and the train of symptoms-— 
epilepsy, spastic hemiparesis and underdevelopment due to the secondary 
injury of the cortex. 

The second case was that of a 9 year old girl who was treated with 
radiation for microsporonic infection of the scalp. Pyrexia and bronchial 
symptoms occurred twice during the interval of treatment. Almost com- 


1. The doses were 21,000 r over a period of six years in case 1, 6,300 r in 
case 2 and 2,750 milligram hours and 15,200 r at low voltage over three years 
in case 3. 
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plete, permanent depilation resulted. The child became emotional and 
nervous. Six years after treatment, at the age of 15, she was seized 
with an acute illness characterized by fever, delirium, aphasia, deviation 
of the head and the eyes to the left, right flaccid hemiparesis and clonic 
twitchings of the right arm and the right side of the face. Encephalo- 
graphic examination showed symmetric dilation of the ventricles. Her 
symptoms gradually improved, and roentgen examination twelve years 
after treatment showed patchy defects in the cranium and in one place 
flaky intracranial calcification. 

Alpers and Pancoast were unable to find any significant changes in 
nerve cells in the cerebrum and the cerebellum adjacent to tumors after 
one or more series of roentgen ray treatments. In 2 cases there was 
demyelination of the cortex and thinning out of the tangential fibers. In 
all 5 cases in which cerebellar tumors had been irradiated the Purkinje 
cells showed mild degenerative changes, such as breaking up of the cell 
membrane, fatty degeneration of the cytoplasm, loss of Nissl bodies and 
sometimes loss of nuclei as well. They also appeared less numerous 
than usual. The authors considered the finding of fat in the Purkinje 
cells sufficiently uncommon to suggest a possible connection with radia- 
tion effect. Fat in mesenchymal and nerve elements was a prominent 
feature in several cases. One case of some interest showed an abun- 
dance of fat in ganglion cells, astrocytes and endothelial cells of blood 
vessels. In this case there was some thickening of the vessels in the 
cortex with scattered loss of ganglion cells, often in relation to thickened 
vessels. The patient was 28 years old, without evidence of systemic 
disease, and had received only one series of treatments. The only severe 
reaction was at the site where 25 radon seeds had been implanted after 
a series of roentgen ray treatments and shortly before death. The 
changes involved blood vessels, nerve cells and myelin sheaths. There 
were numerous small.hemorrhages, the blood vessels were thickened 
and the endothelium was swollen. The relatively few remaining nerve 
cells showed severe injury: vacuolation of cytoplasm, complete loss of 
Nissl substance and often absence of nuclei. A definite loss of myelin 
was found in the upper three layers of the cortex, but there was no 
demyelination in the lower layers. Fat was present in ganglion cells 
of the cortex, in astrocytes and in endothelial cells, and sometimes its 
presence was associated with a moderate reaction of granular cells, 
swelling and chromatolysis of ganglion cells, extensive demyelination 
in the form of swelling of the sheath, formation of myelin balls and dust- 
like material, and accumulation of fatty granular cells. A slight pro- 
gressive change of the Hortega cells throughout the brain and the 
presence of many ameboid astrocytes in the white substance were also 
noted. 
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O’Connell and Brunschwig reported more definite changes in brains 
which had received roentgen treatment for tumor. The changes were 
present in parts distant from the tumor and are particularly interesting 
inasmuch as the vascular changes were said to be too slight to have 
any influence. The findings in 4 patients are presented in some detail. 
All the radiation was given at 200 kilovolts and 200 to 300 r was 
administered at each treatment, through multiple portals. A patient 45 
years of age received 12,645 r in six months. Shortly before death 
two and one-half years later, this patient was given 630 r for gradually 
developing left hemiparesis. A patient 32 years of age received 15,428 r 
in approximately equal amounts in two series about nine months apart 
and over a period of one year and three months. Death occurred one 
and one-half years after the last treatment. A child 4 years of age 
received 13,789 r during six months and died ten months later. A 
child 5% years of age received 14,229 r in seven months, and death 
occurred less than a month later. The authors pointed out certain 
clinical features of interest in connection with the radiation treatment: 
1. The usual terminal signs of raised intracranial pressure were absent 
in the two adults. 2. The patients died in a state of anemia and 
cachexia. 3. In the 5% year old child, who was treated for medullo- 
blastoma, death occurred one month after treatment, which is much 
sooner than usual. 

Differential stains brought out in each case abnormalities in nerve 
cells and glia not always clearly pathologic. Retrogressive changes 
were present in the nerve cells of the cerebral cortex and to a less 
extent in those of the cerebellum. Some nerve cells were shrunken 
and others swollen with the nucleus displaced to the periphery. The 
great excess of lipochrome pigment observable in nerve cells aggregated 
into large masses and displaced and apparently sometimes destroyed 
the neurofibrillae. None of the nerve fibers, medullated or nonmed- 
ullated, outside the neighborhood of the tumor were in any way affected. 
All types of glia cells showed hypertrophy, often in marked degree, but 
the cells were not uniform in size. Perivascular glial proliferation was 
conspicuous. The aggregation of lipochrome and clasmatodendrosis were 
marked in some parts. In addition to hypertrophy of microglia there 
was some evidence of rod formation and even perhaps of transition to 
microcytes. The vascular changes were apparently considered of sec- 
ondary importance, and as they are described it is not at all clear that 
they showed the usual radiation reaction. In 1 case well marked changes 
are described as perivascular lymphocytic infiltration, arteriolar hyper- 
trophy, hyalinization of the media and swelling of the intimal coat. 
Slight medial thickening was mentioned as appearing in other cases. 
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Perivascular collections of macrophages containing lipochrome were 
marked in some cases. Another interesting feature was the absence 
of meningeal reaction except for occasional masses of macrophages. 

Scholz and Hsii irradiated the heads of 3 deteriorated schizophrenic 
patients, 2 of whom, aged 26 and 32, died seventeen and a half and 
nineteen months after treatment. Six portals were used, with a 180 to 
270 per cent erythema dose for each portal, calculated to give an even 
distribution through the brain of a 400 per cent erythema dose.* The 
administration of each dose was completed in three days. Severe roent- 
gen ray dermatitis followed in each case. The postmortem examination 
was postponed for days in the first and for months in the second instance. 
The value of the pathologic observations lies in certain positive findings. 
Principal among these was the vascular reaction. There were conges- 
tion of the meninges and recent as well as old hemorrhage in the 
meninges, the cortex and the central nuclei. The blood vessels were 
thickened through hyalinization, swelling and fragmentation of the 
elastica and, in the regions of necrosis, through infiltration of the walls 
by inflammatory cells. In one case there was fibrosis of the pia, and 
in the other, thrombosis of a large pial vein. In the nerve tissue, only 
acute changes were described with any certainty, such as focal necrosis, 
occasionally extensive, often associated with hemorrhage. 

From these few observations of irradiated human brains it would 
seem that vascular occlusion may be a serious complication of radiation 
therapy, whereas primary degeneration of nerve tissue is ordinarily 
slight. The earliest experimental observations of radiation effect in 
nerve tissue were in connection with irradiation of the animal as a 
whole. Mice (Heineke, 1903, 1904; London), guinea pigs (Beaujard 
and Lhermitte; Heineke, 1903, 1904; Rudis-Jicinsky) and rabbits 
(Beaujard and Lhermitte; Heineke, 1903; Rudis-Jicinsky) were 
exposed to roentgen rays (Heineke, 1903, 1904; Rudis-Jicinsky ; 
Seldin) or radium (London), and as a result many died, sometimes 
with evidence of paralysis. The pathologic change most frequently 
noticed was intense congestion and hemorrhage. Autolysis (London) 
and degeneration of nerve cells of the cortex (London) and the spinal 
cord (Beaujard and Lhermitte; Rudis-Jicinsky) and of the posterior 
tracts of the cord (Beaujard and Lhermitte, Rudis-Jicinsky) were 
described, but Heineke (1904) found only chromophilic changes in 
cerebral ganglion cells in 1 animal. The different manifestations of 
radiation injury have been described more clearly from later, better con- 
trolled experiments. They may be (1) nil, without lesions or symptoms ; 


2. The factors were: current, 180 kilovolts and 8 milliamperes; skin-target 
distance, 50 cm.; dose 28 r per minute (800 r measured in air is taken as a 100 
per cent erythema dose) ; portals, 80 to 150 sq. cm. 
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(2) symptomatic, either with or without gross and microscopic lesions, 
or (3) solely cytologic, without symptoms. Some of the negative reports 
a few days or weeks after moderate use of radiation are not thorough 
studies and carry little weight (Beier; Krause and Ziegler). Moreover, 
radiation sufficiently heavy to cause death within a matter of hours or 
days adds little or nothing to knowledge of histologic effects. Conges- 
tion and edema are usually more or less intense. In the parenchyma 
there is no evidence at all of degeneration (Danysz, 1903b) or there are 
very slight changes of doubtful significance in ganglion cells of the 
cortex (Heineke, 1904) and Purkinje cells (Tsuzuki). 

The critical dose for the brain of Macacus rhesus, when the organ 
is exposed directly, lies between 3,000 r and 4,000 r at 200 kilovolts 
(Elsberg and co-workers), but 4,000 r had no effect on the spinal cord. 

Not infrequently after radiation treatments there are nervous symp- 
toms, such as sluggishness of reflexes, apathy, tremor, ataxia, paralysis 
and convulsions. Obersteiner considered that these disorders were cir- 
culatory or metabolic in origin. And Balli suggested that the emacia- 
tion of some of the paralyzed animals could explain slight changes in 
many cells. The rather sketchy histologic material at hand more or less 
supports these views. Certainly it seems exaggerated to lay these symp- 
toms to the minimal degenerative changes in nerve cells or myelin which 
are usually described. On the other hand, the vascular effects, which 
are more constant, appear early, and in some instances, are sufficiently 
severe to cause symptoms. 

There is great variability in the degree of vascular change, depending 
partly on the time the animal is killed. The reaction may be intense 
without causing any change in the nerve tissue. Scholz (1934) found 
little gradation of vascular changes in dogs which were given from 4 to 
12 erythema doses in a single sitting. Some of the dogs died, and others 
were killed; the time intervals varied from twenty-four hours to twelve 
months. Congestion and hemorrhage of the meninges and parenchyma 
were the chief pathologic findings. A hemorrhagic cyst was found after 
eleven and one-half months and fresh hemorrhages after six weeks, 
three months and twelve months. Exposure of the heads of mice to 
radium in 10 and 15 mg. doses caused, at the end of days or weeks, 
small hemorrhages in the cerebrum, the cerebellum and the medulla 
without significant alteration in the nerve cells (Obersteiner). Similar 
observations were made by Alquier and Faure-Beaulieu after applica- 
tion of radium in therapeutic amounts to the heads and spines of rabbits. 

Mogilnitzky and Podljaschuk (1929) described acute vascular 
changes consisting of congestion, slight swelling of the capillary endo- 
thelium and large hemorrhages, without any obvious rupture of vessels, 
alike in rabbits dying within a few days after 3.5 to 1.5 erythema doses 
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and in rabbits and dogs killed sixty to eighty-five days after 1 to 3 
erythema doses through two or three portals. After the longer intervals 
of time there were also “thickening” of vessels, appearance of fat in the 
endothelium, increase in the perivascular glial elements and some thick- 
ening of the meninges. An unusual feature was the great variability in 
the location of the lesions. 

Puppies dying in status epilepticus two to seven weeks after admin- 
istration of 4 Holzknecht units (0.8 erythema dose) in three or four 
doses showed congestion, edema and sometimes severe focal hemorrhage 
(Brunner). Congestion of meninges and rupture of capillaries with 
hemorrhage were the only pathologic effects noted in adult mice that 
became paralyzed and died ten to forty-four days after exposure to 
50 mg. of radium for periods of four hours to twenty days (Danysz, 
1903b) or in a dog that became paralyzed five months after 4.5 erythema 
doses over the lumbar cord (Gabriel). 

Evaluating reports of radiation injury to nerve tissue itself is more 
difficult, partly because controlled observations made by neuropathologists 
are few. Pertinent factors, such as the conditions of death, the degree 
of postmortem change and the methods of preparing specimens, are 
seldom described in sufficient detail. Under these conditions it is almost 
impossible to evaluate degenerative changes, especially those which are 
called “slight” and “early.” 

One of the most authoritative and interesting reports is that of 
Lyman, Kupalov and Scholz on the brains of dogs studied by Nemenow 
(1934a) in connection with the effect of radiation on conditioned reflexes. 
The brains of only 4 of the dogs used by Nemenow (1934b) are 
described. The roentgen radiation was given through five portals to 
center in the occipital lobe, so that the posterior part of the head, the 
cerebellum and the occipital lobe received the heaviest doses. These dogs 
received 18 to 20 erythema doses, an amount about four times as much 
as is required to cause some diminution of conditioned reflexes 
(Nemenow and Kupalov). This dosage was followed by a lowering of 
the spontaneous activity of the animals for a period of two to five weeks. 
The reflexes were diffusely inhibited even though the radiation had been 
aimed at the visual centers of the occipital lobe. Evidence of subcortical 
reflex change was also presented. “Conditioned reflexes always dropped 
to a more or less extent and unconditioned secretion might also decrease. 
The latter suggested suppression of salivary secretion by action of roent- 
gen rays directly on salivary glands.” This period of inhibition was 
followed by normal behavior. One dog (no. 4) that lived longer than 
the others showed a final stage five to six months after exposure in 
which signs of cerebral damage were evident, such as ataxia, impairment 
of vision, circus movements and general deterioration of behavior. 
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Similar behavior after irradiation of dog’s brains has been described by 
Nemenow and Kupalov and by Warren and Bishop. This dog (no. 4) 
was the only one which had significant morphologic changes in the brain. 
Degeneration, although slight, was scattered throughout the cerebral 
gray and white matter and the optic chiasma. Several large and small 
fresh foci of necrosis of different sizes were present in the hypothalamus 
and in the middle section of the corpus callosum. These changes were 
thought to be largely due to the damage to large and small vessels. 
The vascular reaction consisted of (a) regressive changes in the capil- 
laries and precapillaries and (b) marked hyaline and sclerotic degen- 
eration of the arterioles in all parts of the brain, especially intensive in 
the subcortical ganglions. There was also an inflammatory change in the 
form of slight plasma cell infiltration around blood vessels in the sub- 
cortical parts of the brain, chiefly the midbrain. It is interesting with 
respect to reports of other observers that Lyman, Kupalov and Scholz 
considered fat in adventitial cells of blood vessels, noted in 1 dog of their 
series, a commonplace if not an absolutely normal finding in dogs’ brains. 

Scholz (1934, 1935) described changes in the brains of young and 
adult dogs varying in severity according to the amount of radiation 
given and the time of examination afterward. He used roentgen radia- 
tion chiefly, but in one experiment radium was used. Acute necrosis, 
associated with degeneration of vascular endothelium, was found in very 
young animals three to four weeks after the administration of 1 to 2 
erythema doses (human); with 8 to 18 erythema doses focal necrosis 
and fresh bleeding were found even three months to a year later. In 
mature dogs 4 to 12 erythema doses apparently did not produce necrosis ; 
a mild inflammatory reaction was described in the white matter, without 
cell degeneration. More or less intense meningeal hyperemia was present 
in all dogs. Fresh as well as old parenchymatous hemorrhage was evident 
a year after 4 erythema doses had been given in one treatment. Vascular 
fibrosis was noted even in the capillaries ; there was also fibrosis of the 
leptomeninges. 

Mogilnitzky and Podljaschuk (1929) found slight degenerative 
changes in ganglion cells of puppies examined four and a half months 
after a radiation treatment (1 erythema dose through each of three por- 
tals) which in another puppy caused marked congestion, edema and 
death from convulsions. 

The degenerative changes in the brains of dogs that had received 
1,500 r or more in one or two doses described by Selle, Westra and 
Johnson are vague and of doubtful significance. These authors con- 
sidered the brain more sensitive than the pituitary gland. 

Bagg produced severe lesions with filtered and unfiltered radium 
emanation in small and large amounts. The size of the lesion and the 
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presence or absence of symptoms seemed to depend on the amount 
of radium emanation used rather than on the number of millicurie hours. 
The local reaction consisted of necrosis surrounded by a zone of poly- 
morphonuclear leukocytes plus a zone of hyperemia. Adjacent ganglion 
cells showed hydropic degeneration and nuclei stained poorly. There 
were also minute extravasations of blood, as well as perivascular and 
perinucelar edema. The pia was edematous and contained some round 
cells. With the larger amount there was, in addition, a more obvious 
reaction in the vessels, which were necrotic and thrombosed, and the 
nerve cells in a larger radius showed mild changes. Four thousand or 
9,000 millicurie hours heavily filtered was without any effect on the 
skin or the brain. A monkey whose motor reactions and learning process 
had been studied and timed before treatment received 2,406 millicuries 
of filtered radon for five hours (total dose of 12,030 millicurie hours) 
over the left temporal region and suffered a severe radium burn, but 
there was no interference with motor reactions. The animal became 
comatose and finally died on the thirty-fourth day after treatment. No 
definite gross or microscopic changes were noted in the brain. These 
experiments demonstrate the caustic local action of beta rays and the 
resistance of nerve tissue to gamma rays. In later experiments Edwards 
and Bagg reported lesions in the corpus striatum produced by buried 
radium emanation. 

The degenerative changes observed in monkeys’ brains by Horsley 
and Finzi were apparently dependent on the intense vascular reaction; 
two platinum tubes each containing 27.7 mg. of pure radium were left for 
two and one-half to four hours on the precentral and postcentral gyri 
of 2 monkeys. The examination was made three to four weeks later. 
Another animal had multiple treatments to different parts of the brain 
(55 mg. of radium for four hours and 100 mg. for three and one-half 
and four hours) and. was killed on the forty-fifth day after the 
first exposure, the sixteenth day after the second exposure. The 
intensity of the reaction was roughly comparable to the dose. The lepto- 
meninges were greatly thickened, with fibrous tissue extending into the 
sulci and around the vessels; there was marked endothelial proliferation 
of the blood vessels, in some instances practically occluding the lumens, 
and the arterioles showed hyaline change. There were minute foci of 
hemorrhage in the cortex, a few degenerated axons in the pons and, in 
one animal, small clusters of polymorphonuclears in the outer layers of 
the cortex. 


Focal necrosis with peripheral hemorrhage and hyalinization of ves- 
sels but without evidence of repair was seen in the brains of dogs three 
weeks after 50 mg. of platinum-filtered radium had been placed beneath 
the dura for four, six, twelve and eighteen hours, respectively (William- 
son and co-workers). 
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Pendergrass, Hayman, Houser and Rambo placed tubes containing 
radium beneath the dura and inserted radium needles into the parietal 
lobe in dogs. The doses consisted of 450 to 1,000 milligram hours 
unfiltered and 1,000 and 2,600 milligram hours of well filtered radium. 
With a single exception, there were no symptoms when the doses were 
1,150 milligram hours or less, and all dogs except 1 receiving 1,400 
milligram hours or more died. An increase of 12.6 to 42.8 per cent in 
the weight of the irradiated hemisphere and an increase of the total 
nitrogen of the treated side were noted and were explained on the basis 
of edema. The effect on the animals was so constant that it was possible 
to predict the time of death within a day or so. The size of the gross 
lesion depended on the dose and the length of time before death. In 
one week 500 milligram hours produced no gross lesion. A well defined 
reddish lesion measuring 2 by 1 by 1 cm. was present eleven days after 
the administration of 2,300 to 2,600 milligram hours. A scar was found 
ten months after 360 milligram hours had been given. Softening and 
cavitation occurred in some instances. The needles produced a more 
intense reaction, probably owing to the fact that more of the beta rays 
reached the brain substance. 

Judging from experimental data, greater caution would be necessary 
in irradiating the brains of children than in irradiating those of adults. 
The reaction of young animals differs in some respects from that of 
adults; it is more acute, it is caused by smaller doses, and growth is 
retarded. Danysz (1903a,b) noted that young and old animals given 
identical treatments with radium had the same symptoms, but that these 
appeared first in young animals. Dosages of radium or of roentgen rays 
which had no effect on adult animals caused symptoms in young animals 
(Danysz, 1903a; Labeau), and radiation just sufficient to produce vas- 
cular changes in adult animals may cause degeneration of nerve cells in 
young animals (Mogilnitzky and Podljaschuk, 1929). 

Brunner from his experiments on kittens and puppies with high doses 
concluded that in the parenchyma of the brain only elements that have a 
certain lability react, such as the superficial granular cells of the cere- 
bellum, while ganglion cells, myelinated fibers and resting glia are not 
easily affected. With 2 kittens 11 days old he observed that after one 
exposure of the head to 4 erythema doses with a 3 mm. aluminum filter 
the granular layer of the cerebellum at death was thin and in part absent 
and that there was some increase in glial cells of the cord, as well as 
focal fibrosis of the meninges. 

The inhibitory effect on the growth of the brain has been demon- 
strated with moderate (3 Sabouraud units, one weekly [Demel]) and 
heavy doses of radiation (25 erythema doses [Turner and George] ). 
Walter was unable to find cytologic changes in the brains of young ani- 
mals which were nevertheless dwarfed as a result of radiation injury. 
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Rachmanow and also Mogilnitzky and Podljaschuk (1930) studied 
the effect of roentgen rays on the mesenchymal elements of the brain 
by means of injections of trypan blue in dogs, rabbits and mice. The 
latter authos> reported that trypan blue was present in the vascular endo- 
thelium and perivascular glia cells three days after the injections, dis- 
appearing in a few days. Ifa further series of exposures was given, the 
color reappeared in twenty to thirty days. Rachmanow showed that 
more endothelial cells and macrocytes vitally stained could be found 
in the pia of irradiated than in that of nonirradiated mice. 

The few studies to demonstrate the sensitivity of the choroid plexus 
have not been conclusive. Heidrich, Haas and Silberberg found no 
change in the amount of fluid from three months to a year after 
exposure of dogs to 9 erythema doses through three portals of entry. 

Inaba, Sgalitzer, and Spiegel, also using dogs, found a lowering of 
the normal curves ten to fourteen days after an 80 per cent erythema 
dose. Microscopic examination of the choroid plexus revealed pyknotic 
nuclei and slight changes in the cellular protoplasm. Konig and Panning 
found no change in the choroid plexus in rabbits whose heads had been 
irradiated. 
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SEMEN AND SEMINAL STAINS 


A REVIEW OF METHODS USED IN MEDICOLEGAL 
INVESTIGATIONS 


O. J. POLLAK, M.D. 


TAUNTON, MASS. 


An investigation of the various gross and microscopic, chemical 
and immunologic characteristics of semen may be productive of infor- 
mation of both medical and medicolegal importance.* 

In the realm of law the identification of a given specimen as semen 
may provide objective evidence of a corroborative character on a charge 
of rape, criminal or civil, of seduction, of unnatural practices such as 
sodomy or other perversions, of incest, or of sundry sexual crimes 
defined by local law and in bastardy proceedings. That such speci- 
mens retain their individuality over long periods lengthens the per- 
missible interval between their discovery and use as evidence and their 
production. 


The importance of the detection of semen in cases of alleged sexual 
offenses has been recognized since antiquity. The first known allusion 
is found in the Babylonian Talmud. In order to secure a divorce, a 
man made his wife and a friend drunk, carried the couple to bed and 
spilled some egg white between them. Then he called witnesses. His 
accusation was proved to be false by a physician, who identified the 
true nature of the stain. The script does not say how the stain was 
proved to be that of albumin. The first scientific paper concerning the 
medicolegal examination of semen was presented by Orfila, in 1823. Since 
then this examination has been routinely performed in cases of sexual 
offense.* 

SEMEN 


DEFINITION AND GENERAL CHARACTER 


The examination of fluid semen and the examination of dried semen 
are two distinct procedures which differ in several respects. Semen 


From the Department of Legal Medicine of Harvard Medical School. 

1. The superior figures in the text refer to the footnotes on the individual pages; 
the numbers listed in the footnotes refer to the references listed in the bibliog- 
raphy. Omitted footnotes correspond to text omitted in the Arcuives but given 
in the author’s reprints. 
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produced for examination differs markedly from a specimen acci- 
dentally discovered. There are differences also between the ejaculate 
produced outside the female organs and that recovered from the female 
genitals. 

Male ejaculate is defined as semen regardless of whether all or only 
part of its constituents are present. Fresh or dried semen may con- 
tain no spermatozoa or may be lacking in some of the less charac- 
teristic constituents. It contains a mixture of secretions from the 
testicles, the epididymides, the prostate, the seminal vesicles, Cowper’s 
bulbourethral glands and Littre’s urethral glands. It is composed of 
both fluid and formed elements. The latter are more important than 
the former for the purposes of identification. Although the cells may 
be derived from various portions of the urogenital tract, only those 
from the testicles are characteristic for semen. 


MACROSCOPIC CHARACTERISTICS 


The amount, consistency, color and odor of seminal fluid are neither 
characteristic nor constant. The quantity of semen is normally from 
3 to 5 cc., with an average of 3.3 cc. A smaller amount is often a 
sign of abnormal composition of the semen; a larger quantity is of little 
importance. At ejaculation the consistency is gelatinous, but liquefi- 
cation occurs within ten to thirty minutes on exposure to air. Semen 
which is liquid when produced is abnormal; likewise semen which 
does not liquefy after exposure to air is pathologic. The color is 
grayish or opaque. The odor may resemble that of chestnut blossoms. 
Admixture of extraneous protein products, of urine or other material 
will naturally alter these qualities to some extent. The reaction is 
alkaline, with a py value of 7.5 to 8.0. 

Normal and Abnormal Variations——The macroscopic appearance of 
fresh semen depends on the age, constitution, health and sexual activity 
of the male producing it. Generalized diseases, physical or mental, 
remote localized diseases and diseases of the genitourinary organs will 
influence the quality of the semen. Such factors as age, frequency of 
emissions or disease may lower the amount temporarily or perma- 
nently below 0.5 cc. and may produce a more liquid consistency. 
Admixtures of mucus, pus or blood increase the density of semen. 
Mixed with pus, the specimen may appear yellowish ; mixed with blood, 
red or brown. A greenish color may be caused by contamination of 
the specimen with Pseudomonas aeruginosa. 


MICROSCOPIC CHARACTERISTICS 


The microscopic qualities of seminal fluid undergo various changes. 
Although not constant, the microscopic aspects are far more characteristic 
than the macroscopic. 
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Number of Spermatozoa.—The number of spermatozoa in a normal 
specimen is from 60,000,000 to 120,000,000 in 1 cc. The whole ejaculate 
should contain at least 300,000,000 spermatozoa. An increase of the 
number of spermatozoa, called hyperspermia, is not significant, but a 
reduced number, so-called hypospermia or oligospermia, is regarded 
as a sign of lowered fertility. The total number of spermatozoa usually 
decreases with the volume of semen. However, the count may be very 
low in a voluminous specimen. 


Motility of the Spermatozoa.—Observations as to the motility of the 
spermatozoa in a freshly ejaculated specimen provide information of 
value. The terms ‘“normokinesis,” “hyperkinesis” and hypokinesis” 
refer to the degree of motility. The numbers of normokinetic, hypo- 
kinetic and abnormally motile spermatozoa are expressed as percentages 
of the aggregate. In a normal sample the number of motionless sperma- 
tozoa should be less than 15 per cent and that of sluggishly struggling 
spermatozoa also less than 15 per cent. The causes of immotility are 
immaturity, old age, malformation, degeneration or disease of the 
spermatozoa. Under normal conditions 75 to 80 per cent of all sper- 
matozoa should be actively motile. This percentage corresponds to the 
number of morphologically normal spermatozoa. Some _ pathologic 
spermatozoa rotate around an imaginary axis. This may be confirmed 
by observation of supravitally stained slides.® 

The motility may be artificially changed in vitro. In samples with 
subnormal findings the number of actively motile spermotozoa may be 
increased and the degree of motility of hypokinetic spermatozoa stimu- 
lated by the change of the medium. Nonmotile spermatozoa may be 
induced to show motility if transferred into a suitable medium. The 
observation of the longevity of spermatozoa in vitro is of little significance 
in regard to fertility because the findings do not correspond to the 
behavior of the same spermatozoa in the genitals of a certain female or 
of women generally. Under appropriate conditions spermatozoa should 
remain motile for twenty-four hours at room temperature and for twelve 
hours at body temperature. The motility of spermatozoa aspirated from 
the female genitals has to be determined in addition to that of sper- 
matozoa in semen produced outside the female organs. The number 
of the spermatozoa and the degree of their motility do not depend on 
the technic of ejaculation but may be changed shortly after production 
by the exposure of the spermatozoa to extraneous influences in vitro 
as well as in vivo. 


Appearance of the Spermatozoa.—The cytologic study of semen 
forms an important part of the evaluation. At least 70 to 80 per cent 
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of all spermatozoa should have a normal appearance. The normal 
human spermatozoon has an ovoid flattened head, 3 to 6 microns long and 
2 to 3 microns wide, with a chromatin-containing nucleus occupying 
the posterior third of the head. Its cylindric neck shows a centrosome 
and is linked to the chromatin-containing body with an annular disk. 
The body ends in a tail which forms the sheath of an axial thread 
originating from the posterior centrosome. 

There is no rule as to the proportions of various atypical sperma- 
tozoa, which form up to 25 per cent of the entire number of spermatozoa 
under normal conditions. Some of the variations are called physiologic 
ones: 5 to 10 per cent of all spermatozoa may be pear shaped, may have 
somewhat smaller or larger heads than the majority, or more round 
or more narrow heads. Another group includes those characterized 
by a remnant of cytoplasm at the head or neck, appearing as a fine 
netlike structure and accepting a pale azure color with the Giemsa 
stain; these spermatozoa represent the immature forms. Normally, 3 
to 5 per cent of all the spermatozoa may be immature. The aged forms, 
showing vacuoles and hyperpigmentation or depigmentation of their 
heads, represent 2 to 3 per cent of all the spermatozoa of a normal 
specimen. 

Finally, the abnormal spermatozoa may be mentioned. Their number 
should not exceed 20 per cent of all the cells in a specimen of normal 
semen. Several hundred types of pathologic spermatozoa have been 
described. Some of the drawings of various authors resemble artefacts 
caused by a faulty technic. Some of these types occur rarely, and in 
practice only about twelve types are important. The abnormalities of 
the head and neck of the spermatozoa are more common than of those 
of the body and tail. Some specimens show only a few of these types ; 
in other samples a large variety of atypical forms may be found. A 
deformed head or neck, a pinhead and a gigantic head are the most 
common forms. Abnormalities of the acrosome and a thickened head are 
less common. A double head or tail, a displaced centrosome, an atypi- 
cally implanted body and finally combined abnormalities are rare. An 
unusually large head may be seen in the hypermegalespermatozoon, 
which belongs in the last group. How many of these forms represent 
malformation, how many degeneration or disease, of the germ cells is 
not well understood. 


Cells of the Spermatogenesis—Normally, only 0.25 to 2 immature 
cells of the spermatogenesis are present to every 100 ripe spermatozoa. 
In normal semen only the last stages of evolution preceding the sper- 
matozoal are found. Youthful spermatozoa have a residue of cyto- 
plasm at the neck or head which prevents motility. This residue may 
be found free among the spermatozoa as a small round pale-colored 
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body, about 8 to 12 microns in diameter and somewhat granular. Such 
residual cell forms have been falsely described as spermatids without 
nuclei. They are the remains of spermatids after liberation of the 
spermatozoa. They have no importance and normally undergo dis- 
integration. 

The metaspermatozoon represents the last stage of evolution preceding 
the spermatozoal. It is a spermatid with a more or less elongated nucleus 
measuring about 2 to 3 microns which is about to escape from the plasma 
and become the nucleus of the future spermatozoon. The nucleus con- 
tains much chromatin, the plasma has the same structure as the residual 
body described in the foregoing paragraph, and the dimensions of the 
cell are approximately the same as those of a spermatid. 

The spermatid is similar; it differs only in that the nucleus is well 
within the cellular body, being central or somewhat paracentral, more 
round, and of a diameter of about 2 microns. The plasma is eosino- 
philic and more uniform. The prespermatid, also called the secondary 
spermatocyte, is larger, 8 to 16 microns in diameter, and shows three to 
five or even eight round nuclei, which may be of various sizes or all 
equally large. Its plasma is lighter and has a netlike structure but no 
granules. A light retractile zone may be found around the nuclei. 

All these cells may be present normally, the more mature ones more 
often than the less mature ones. Prespermatids are not frequently seen 
in normal semen. They must not be confused with leukocytes, though 
they can be differentiated from the latter only by observation of stained 
smears. 

Under abnormal conditions, the total number of evolutionary cells 
increases, and also more unripe forms appear. There are no limits as 
to the number of the cellular elements. Under extreme conditions, as 
in azoospermia, spermatozoa may be absent and only the evolutionary 
cells may be found. 

The spermatocyte, also called the primary spermatocyte, is the largest 
cell of the spermatogenetic series. It is 12 to 20 microns in diameter ; 
the plasma accepts the azure color of the Giemsa stain; the nucleus is 
rich in chromatin and stains darkly. All stages of cell division may be 
encountered. Usually the nucleus fills almost the whole cellular body. 
Often two solid bean-shaped or round nuclei stay at opposite poles, 
separated by a central vacuole. 

Spermatogonia are rarely seen. The spermatogonium is round, mea- 
sures 5 to 12 microns in diameter and has a dark eosinophilic plasma and 
a round or bean-shaped nucleus, occupying about half of the cell or more. 
Cell division also may be observed. 

In addition, all these cells of the spermatogenesis may undergo degen- 
eration; vacuolation, accumulation of the chromatin at the wall of the 
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nucleus, karyorrhexis, atypical mitosis, amitotic division and finally 
karyolysis may be observed. 

Under pathologic conditions, other elements which have their origin 
from the sexual glands may be observed. The most characteristic ones 
are the Sertoli cells. They appear as fusiform cells, 40 microns long 
and at their widest point 6 to 8 microns wide. In this part the ovoid 
or kidney-shaped nucleus with a clearly outlined central nucleolus is 
situated. The nucelus is not solid and accepts a dark violet color; the 
plasma is finely or sometimes coarsely granulated and stains light azure 
with Giemsa’s stain. Various epithelial cells, which sometimes may 
merge to form a multinuclear “giant” cell, may have their origin in the 
various parts of the ejaculatory ducts. 

The origin of the macrophages or spermiophages seen is not clear. 
These cells measure 16 to 20 microns in diameter, are round, have a 
light eosinophilic plasma with particles of chromatin, and a large semi- 
lunar eccentric dark nucleus. A vacuole in the indentation of the nucelus 
characterizes these cells. Usually two to twelve heads of phagocytosed 
spermatozoa are seen in the cytoplasm. The shape of these heads indi- 
cates the time of phagocytosis, the older ones being round, the more 
recent ones still ovoid. Sometimes a part of the neck of a spermatozoon 
may be seen just outside the cellular membrane of the macrophage. 


Other Formed Elements.—Epithelial cells from the urethra char- 
acterize present or previous disease. The large polygonal cells, 18 to 
24 microns in diameter, of the fossa navicularis urethrae have a light 
basophilic plasma and a round central nucleus measuring 6 microns. 
The nucleus contains much chromatin. 

Leukocytes are not present under normal conditions. When present, 
they indicate inflammation of some part of the urogenital organ. Red 
blood corpuscles are present only under pathologic conditions. 

Normally, the fresh ejaculate is free of bacteria. Some organisms 
may have their origin in the urethra or from the skin. Pathogenic bac- 
teria may originate from any part of the urogenital tract. Protozoa are 
normally not present. They may be a sign of admixture of infected 
urine. 

Robin’s prostatic corpuscles and lecithin corpuscles are described as 
constituents of normal semen as often as leukocytes are, but are rarely 
seen as the latter. Just as cells of the spermatogenesis, especially pre- 
spermatids, are confused with leukocytes, the residual cell forms described 
in a foregoing paragraph may often be confused with the hyaline pros- 
tatic corpuscles. Béttcher’s crystals of spermine phosphate appear 
spontaneously several hours after ejaculation in specimens exposed to 
air, or more often, only after addition of a 1 per cent watery solution 
of ammonium phosphate to the semen. They have rhomboid structure 
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and resemble Charcot-Leyden crystals. Fatty acid crystals and testicular 
cylinders which resemble small waxy casts are of unknown origin and 
certainly pathogenic. They are often pictured in drawings but hardly 
ever seen in practice. 

Various elements have been described as constituents of human 
semen which have their origin from containers. The manner of collec- 
tion of semen is largely responsible for the microscopic observations apart 
from the germ cells. 


Azoospermia and Aspermia.—Azoospermia and aspermia must not 
be confused. In azoospermia the semen is without spermatozoa but does 
contain immature cells of the spermatogenesis. Aspermia is a condition 
of congenital or acquired obstruction of the ducts, and it is characterized 
by ejaculate without any elements from the sex glands. 

Azoospermia may be temporary or permanent. After frequent sexual 
intercourse or spontaneous emission semen may be free of spermatozoa. 
Alcoholism, various intoxications or internal diseases may cause tem- 
porary or permanent azoospermia. Bilateral cryptorchidism, congenital 
atrophy or hypoplasia of the testicles, gonorrhea and syphilis, tubercu- 
losis, leprosy and smallpox are the most frequent causes of permanent 
azoospermia. Many infectious diseases, such as mumps, also may be 
responsible for this condition. Mental illness is often accompanied by 
cellular deficiency of the ejaculate.’ 

Aspermia may have similar causes. Bilateral gonorrheal epididymitis, 
tuberculosis, carcinoma and other pathologic conditions explain acquired 
aspermia, while embryonal anomalies explain the congenital condition.® 

The importance of these findings in cases of sterile marriage, ques- 
tioned paternity and alleged rape was early recognized. Both azoo- 
spermia and aspermia are far more frequent than is commonly realized. 
The latest figures concerning the frequency of semen without sperma- 
tozoa among apparently normal men range from 7.2 to 18 per cent. 
Among 400 men examined for causes of sterile marriage I found 16 
per cent to be without spermatozoa. Such high figures represent 
selected groups of men. For the general population of adult males the 
lower figures, around 8 per cent, seem more apt to be correct.® 

Vasectomy does not cause immediate aspermia. For as long as 
two to three weeks after the operation one may be able to detect active 
spermatozoa in the semen. The same phenomenon may be noted in the 
cases of azoospermia and aspermia caused by pathogenic processes. Sper- 
matozoa are stored in the seminal vesicles ; hence the gradual disappear- 
ance. 


7. 2854, 288, 331 b. 
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Normal and Abnormal Variations.—The microscopic composition of 
semen is even more variable than the macroscopic appearance. Both 
depend on the same factors : age, frequency of sexual intercourse, relative 
abundance of prostatic secretion, mental strain, fatigue, activity of the 
endocrine glands, various debilitating diseases. Race, climate, diet and 
season do not play any role. They affect potency rather than fertility. 
Frequent ejaculation causes a decrease of the number of the spermatozoa, 
affects their motility and changes the spermiogram. Spontaneous emis- 
sion produces numerous atypical spermatozoa and immature cells. With 
natural and artificial stimulation of the activity of the testicles, the 
numbers of youthful spermatozoa and immature cells of the spermato- 
genesis increase (Pollak and Joél, 1942). 

The shift to the left, which corresponds to a similar change in the 
hemogram, may reach various degrees. The sensitiveness of spermato- 
genesis to disorders in the organism is high. Under local pathologic 
conditions the cells of the spermatogenesis may undergo fatty degenera- 
tion and vacuolation; in addition, macrophages, leukocytes and degen- 
erated epithelial cells may appear in large numbers. Harmless and 
pathogenic micro-organisms may be present. 

The identification of material as semen may be readily accom- 
plished if spermatozoa are present. Even when spermatozoa are absent, 
the identification may still be possible by the detection of characteristic 
immature cells of the spermatogenesis. The absence of spermatozoa 
may be due to incompletion of the ejaculation. The ejaculate then con- 
sists of only one or some of the constituents of semen. There may be 
intercourse without emission from the penis. This more commonly 
occurs in old men and in boys of 13 or 14 years of age. The drop 
preceding the emission of semen may be free of spermatozoa. Incom- 
plete ejaculation may also develop on a psychic basis. 

One should be aware of the fact that sexual crimes are often com- 
mitted by boys, old men, men suffering from alcoholism and lunatics 
and that such people frequently have deficient semen. In such cases the 
number of morphologically abnormal spermatozoa may be unusually high 
and other changes are more often encountered. In cases in which the 
material cannot be identified as semen by the morphologic method of 
demonstrating germ cells, it is necessary to fall back on immunologic 
methods. 


TECHNIC OF EXAMINATION OF FRESH FLUID SEMEN 


Requirements Bearing on the Material for Examination.—Only male 
ejaculate outside the female genitals can be submitted to a complete 
laboratory examination. It may be obtained through autoerotic manipu- 
lation, through coitus interruptus or, in special cases, on injecting a 
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convulsive dose of metrazol. The contents of the condom may be unsuit- 
able because of the immobilization of the spermatozoa by chemical and 
mechanical means, because of changes in the structure effected by 
lubricants or spermatocidal powders or because of the admixture of 
extraneous elements. Semen soaked into a cotton plug in the vagina does 
not furnish reliable results. That obtained in vaginal cups or diaphragms 
is only slightly better. Material aspirated from the vaginal portions of 
the genitals at certain periods after cohabitation represents a mixture of 
semen with the female’s secretions. Such material has importance for 
studies of the motility of the spermatozoa in the female’s secretions as 
compared with their motility in vitro. Samples obtained through rectal 
massage of the prostate are inadequate. Semen in urine is unsuitable 
for examination. Fluid obtained by puncture of a testicle renders results 
different from those obtained with ejaculated material. 

The examination should be preceded by a pause in ejaculation of 
seven days. Only one ejaculation should take place in order to provide 
material for analysis. The examination should be carried out thirty 
minutes after ejaculation, but for gross inspection an absolutely fresh 
sample is requested. Transported material may already have undergone 
some changes, at least liquefaction. If transported, the specimen should 
be protected against high temperature. Any temperature higher than 
the body temperature may harm the spermatozoa. A temperature of 
20 C. is the most favorable one, even better than 37 C. A careful 
family, personal and sexual history of the male and of the female cov- 
ering as many details as possible and a thorough clinical examination 
complete the examination of the sperm. 


Macroscopic Examination.—The gross inspection concerns the vol- 
ume, consistency, color, odor and reaction of the semen. The ejaculate 
may be produced into a wide-mouthed graduated cylinder or transferred 
to a cylinder. An abnormal appearance supports the suspicion of patho- 
logic changes. The total amount should be registered to make it possible 
to determine the number of spermatozoa in the whole specimen. The 
reaction may be checked with litmus paper. As no definite conclusions 
are drawn from the gross examination, the microscopic investigation 
has to be carried out. 


Sperm Count.—Various methods are used to determine the number 
of spermatozoa in the ejaculate. 


One cubic centimeter of the liquefied semen may be diluted with 9 cc. of 
diluting fluid. The simplest diluting fluid is tap water, or physiologic solution 
of sodium chloride, to 100 cc. of which 0.1 cc. of concentrated carbolfuchsin solu- 
tion has been added. The diluted semen is drawn to the 0.5 mark of a pipet for 
erythrocytes and the diluting fluid to the 101 mark. Thus the material is diluted 
1:2,000. The count is carried out in the inner four hundred small (twenty-five 
large) squares of a Neubauer counting chamber. The sum of spermatozoa counted 
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in these four hundred small squares divided by 2 expresses the number of sper- 
matozoa in millions in 1 cc. of semen. 


Motility Test—After complete liquefaction of the semen, a drop 
is placed between a slide and a cover glass, and 100 spermatozoa are 
observed for motility. The number of normokinetic, of hypokinetic, of 
abnormally moving and of nonmotile spermatozoa is registered and 
expressed in percentage. The observation is carried out under the 
high dry power lens. Ehrlich’s ocular screen, which divides the field 
of vision into four quadrants, may be used to make the studies easier. 

Among the various solutions used to stimulate spermatozoa to maxi- 
mum motility and to revive nonmotile ones, a mixture of 8 parts of a 
5.43 per cent dextrose solution with 2 parts of an eighth-normal solution 
of magnesium hydroxide is the best. 

The longevity in vitro may be observed in hanging drops under a 
special cover glass, perforated to permit the access of oxygen, or in 
open small test tubes. Specimens may be kept at room (20 C.), scrotal 
(35 C.) and body (37 C.) temperature. Various investigators perform 
special tests, exposing the spermatozoa to temperatures of from 41 to 
55 C., to hypertonic and hypotonic, acid and alkaline solutions, and to 
lactic acid, changing the py. The value of these tests is much discussed, 
and no definite conclusions can be drawn as yet. In view of the differ- 
ences between the observations made in vitro and those made in vivo, 
their value seems rather limited. 


Methods of Morphologic Studies—The structure of spermatozoa 
may be checked by observation of the organisms in hanging drops with 
addition of a drop of a 1 per cent watery solution of brilliant cresyl 
blue. A second method involves the preparation of thin films of lique- 
fied semen. These are prepared in the same way as blood films, 
speedily dried by fanning in the air, and fixed for three minutes with 
absolute methyl alcohol. Finally, the sample may be centrifuged, hard- 
ened in solution of formaldehyde U. S. P. and in a sequence of alcohol, 
and prepared for embedding in paraffin by passing the material through a 
sequence of alcohol with xylene; the sections may be stained with iron- 
hematoxylin and eosin. Various methods of coloring are recommended 
for the fixed smears. One slide may be stained for twenty minutes with 
freshly diluted Giemsa-Romanovski azure-eosin solution (to 5 cc. of 
distilled water 10 drops of the dye are added) and the smear washed then 
with distilled water. Another slide may be stained with hemalum (5 cc. 
of a 2 per cent solution of crystalline hematin in 95 per cent alcohol and 
100 cc. of a 5 per cent watery solution of potassium alum) for twenty 
minutes, steeped in running water for thirty minutes, colored again with 
hemalum for five minutes, rinsed in water for ten minutes, colored for 
contrast with 3 per cent alcoholic solution of eosin for three minutes, 
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differentiated in 70, 90 and finally 100 per cent ethyl alcohol, cleared in 
carbolxylene and embedded in balsam under a cover glass. 


Biometrics and the Spermiogram.—By projecting spermatozoal heads 
on a screen in a darkened room their size may be magnified three thou- 
sand times and can be measured. A biometric curve may be drawn. 
This curve is more or less characteristic for each individual. The number 
of spermatozoa measured must exceed 300. In the evaluation of the 
curve all conditions changing the structure of the germ cells must be 





: . > Dg 


Fig. 1—Some of the cells seen in seminal smears: A, giant cell; B, sperma- 
tocyte and multinuclear spermatid; C, escape of the head (metaspermatozoon) ; 
D, spermatozoa. Giemsa’s stain; x 510. 


taken into consideration. In spite of these limitations, studies of bio- 
metric curves of fresh semen samples may provide useful information 
in establishing individual identity (Monch, 1934 a and c). 

The spermiogram completes these studies. It is of special value 
in cases of disputed paternity, questioned fertility and divorce. It fur- 
nishes information about the sexual life and about the function and state 
of the sex glands, and also informs about the condition of the whole 
body. Various spermiograms have been recommended. Some investi- 
gators register only the various types of spermatozoa; others tabulate 
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all microscopic elements. Again at least 300 cells are studied in stained 
films. The cells detected are recorded on a chart. I present here my 
own form of spermiogram. 

SPERMIOGRAM 


A. Normal Cells of the Spermatogenesis 


1. Spermatogonia 
2. Spermatocytes (primary) 


. Prespermatids (secondary spermatocytes) 


3 
4. Spermatids 


. Metaspermatozoa 
. Youthful, immature, unripe, nonmotile spermatozoa 
(a) Cytoplasm rest at the head 
(b) Cytoplasm rest at the neck 
. Mature, ripe, motile spermatozoa 
(a) Normal spermatozoa 
(b) Physiologic variations 
1. Round head 
2. Narrow head 
3. Tapering, piriform, rejuvenated head 
4. Small head 
5. Large head 
8. Aged, hypermature, overripe, nonmotile spermatozoa 
(a) Vacuoles in head 
(6) Hyperpigmentation or depigmentation of head 


B. Abnormal Cells of the Spermatogenesis 
1. Degenerative immature cells 

(a) Vacuoles (vacuolation) 

(b) Fatty degeneration 

(c) Hyaline degeneration 

2. Degenerative? teratoid? diseased? abnormal spermatozoa 

(a) Abnormal head 
1. Asthenic head, pinhead, microspermatozoon 
2. Gigantic head, megalospermatozoon, macrospermatozoon 
. Deformed head 
. Abnormities of acrosome, atypical colored head 
. Double head 

(b>) Abnormal neck 
1. Thickened center 
2. Deformed center 
3. Abaxial implantation of the center 

(c) Abnormal body and tail 
1. Displaced centrasome 
2. Naked, sheathless center thread 
3. Double tail 

(d) Combined forms and rare forms 
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C. Other Cellular Elements from the Sex Glands 
1. Sertoli cells 
2. Epithelial cells from ejaculatory ducts 
3. Residual cell forms 


D. Other Cells 

. Leukocytes 

. Erythrocytes 

. Epithelial cells from urethra 
. Spermiophages 

. Protozoa 

Bacteria 

. Molds 


NA wn + WD 


E. Other Formed Elements 
1. Prostatic corpuscles, corpora amylacea 
2. Lecithin corpuscles 
3. Fat crystals, acids 
4. Bottcher’s crystals 
5. Testicle cylinders 


F. Extraneous Elements 


EXAMINATION OF SEMEN RECOVERED FROM THE 
FEMALE GENITALS 


FATE OF SPERMATOZOA IN THE FEMALE GENITAL TRACT 


The examination of material recovered from the female genitals does 
not permit adequate judgment as to the macroscopic characteristics of 
the semen. Some of the semen is lost, and mixture of the remainder 
with female secretions results in an alteration of the character of the 
recovered material. Furthermore, the microscopic picture of this material 
differs from that of semen produced outside the female genitals. Vulvar, 
vaginal, cervical and uterine cells, bacteria, mucus and even foreign 
substances are likely to change the morphologic characteristics. Agglu- 
tination and phagocytosis of spermatozoa may take place. The chemical 
environments provided by the various portions of the female genitals 
alter the motility and the structure of the spermatozoa. 

The fate of spermatozoa in the female genitals is incompletely known. 
Spermatozoa move or are moved out of the vagina, through the uterus 
and into the fallopian tubes. In addition, lysis, resorption, phagocytosis 
or active penetration of the spermatozoa into the epithelium may occur. 
It is not known in which parts such processes occur, and it is not known 
how many spermatozoa are removed by one or the other of these several 


processes. 
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The fu of the medium does not affect spermatozoa as much as is 
commonly thought. At least, in vitro human spermatozoa are highly 
resistant to organic and inorganic acids. Normal semen contains both 
acid-resistant and alkali-resistant spermatozoa. Antibodies and specific 
spermatotoxins and lysins, though often discussed, do not seem to be 
important. The discussion is not closed (Jéel and Pollak). 

Material may be secured from the vagina by a platinum loop, a 
pipet or a vaginal flushing apparatus and from the cervix by a loop, 
pipet, a glass syringe or a special suction cup. Besides the disadvan- 
tages mentioned, the material taken from the female genitals cannot be 
used for biometric and other studies which would lead toward the iden- 
tity of a certain person. Two or more specimens of semen from one 
man or from different men may be mixed together. I had the oppor- 
tunity to examine an 11 year old girl who admitted that during an 
afternoon she had indulged in sexual intercourse with 4 men. Her 9 
year old friend had intercourse with 5 men within the same length of 
time.*° 

The motility of the spermatozoa may persist longer in vitro than in 
vivo in some cases, while in other cases it may last longer in the female 
genitals than on the slide. The motility in the vagina and in the cervix 
is not the same. An examination of spermatozoa from the vagina yields 
no practical information. Material from the cervix is investigated in 
cases of questioned fertility (Weisman, 1941). 

Spermatozoa which are motile in semen at ejaculation may be 
immobilized by the cervical secretion, or their motility may be increased. 
The motility may last six tinies longer in the cervix than on the slide. 
Semen of one and the same man used for artificial insemination showed 
different results in 5 women: In 1 case immobilization of the sperma- 
tozoa took place after one hundred and ten hours, in 2 cases after forty- 
five hours, in one case after three hours and in 1 after three minutes. 
The motility of spermatozoa in the cervix lasts longest between the 
fourteenth and the eighteenth or nineteenth day after menstruation. The 
character of the secretions and of the cells of the cervix changes with 
the sex cycle, and the motility of the spermatozoa may vary accordingly.™* 


PRESENCE AND VITALITY OF SPERMATOZOA IN THE VAGINA 


When spermatozoa are found in the female organs, the question is 
often presented as to how much time has elapsed since the sexual inter- 
course which produced them. The various sectors of the female genitals 
are studied separately. 


10. 131d, 194, 331 b. 
11. 40, 44a and b, 45, 275, 2814 and b. 
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Spermatozoa have been detected in the vagina at varying periods fol- 
lowing intercourse. The findings of various investigators vary from 
forty-five minutes to seventeen days. Earlier studies give longer periods 
than the more recent ones. The smaller figures are based on more 
elaborate observations.'* 

In determining how long before examination the last intercourse 
occurred, the survival time of spermatozoa in the vagina is of controlling 
significance. Spermatozoa discovered in other parts of the genitals 
may be vestiges of still earlier sexual activity. After intercourse, some 
of the spermatozoa reach the upper parts within a short time, while 
others remain in the vagina. According to various observers, sperma- 
tozoa in the vagina retain their motility for from thirty minutes to 
twenty-eight hours. The number of motile spermatozoa discoverable 
in the vagina may be normal after one hour and markedly decreased 
after two hours; after three hours usually no motile spermatozoa are 
present.*® 

Menstruation often prolongs motility in the vagina to as long as 
four hours, compared with the normal period of thirty to forty-five 
minutes. A change in the reaction of the vaginal secretion after cohabi- 
tation could not be detected by one but is reported by others. The 
fu of the vagina one hour after coitus is the same as before, i. e., 
8 to 9, but two hours after coitus it is 7 to 8 and three’ hours after 
coitus 5.5 to 7.5. These changes may be chiefly responsible for the 
immobilization of the spermatozoa, whereas the temperature in the 
vagina and the consumption of dextrose play a less important role."* 


RATE AND CAUSE OF THE MIGRATION OF SPERMATOZOA 


Spermatozoa first appear in the upper part of the cervix and in the 
uterus within three to four minutes after coitus. Belonoschkin explained 
this phenomenon: It takes place in the case of orgasm only and is caused 
by the aspiration of semen into the upper part of the genital tract. In 
the case of active migration of spermatozoa unaided by orgasm, the 
time required to reach the same sites varies from forty minutes to two 
hours (average, one hour). This datum on the migration of spermatozoa 
represents only one of the numerous theories which are based on experi- 
ments with animals performed by various investigators. Active chemo- 
tactic penetration of the spermatozoa into the cervix seems less probable 
than their direct ejaculation into the cervical os or the formation of a 
seminal pool in the posterior vaginal cul-de-sac. Various theories try 
to explain the mechanism of aspiration of semen into the uterus. The 
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lack of orgasm may explain the fact that in cases of artificial insemina- 
tion spermatozoa are found in the uterus twenty-five or thirty minutes 
after injection instead of within five minutes as under natural condi- 
tions. One has to keep in mind that in cases of rape orgasm hardly 
ever occurs.’® 

The period during which spermatozoa may be found in the cervix 
after intercourse is variously stated by the investigators as from six 
hours to seven days."*® 

Again, the motility of spermatozoa in the cervix is of separate inter- 
est. The period during which the spermatozoa may be found motile in 
the cervix after intercourse is given as from forty-eight hours to seven 
and a half days. Monch explained the detection of motile spermatozoa 
after several days: These spermatozoa are not motile in the genitals 
but regain their motility on exposure to oxygen in vitro. One must not 
confuse death and temporary nonmotility of spermatozoa; one must also 
differentiate between motility and fertilizing ability.** 

The period of motility of spermatozoa is shorter in the uterus than 
in the cervix—twenty-four to forty-eight hours compared with forty- 
eight to one hundred and ten hours. 


DETECTION OF SPERMATOZOA IN THE FALLOPIAN TUBES 


The arrival of the spermatozoa at the uterotubal ostiums probably 
takes place within twenty to twenty-five seconds after cohabitation at the 
earliest and usually within two to ten minutes. The spermatozoa reach 
the distal end of the tube within twenty to thirty minutes at the least or 
within four to five or six hours at the most (Weisman, 1941). 

In 1 case motile spermatozoa were found in a fallopian tube nine 
days after hospitalization of the patient and possibly two and a half 
weeks after the last intercourse. In 2 other cases spermatozoa were 
demonstrable in the tubes two weeks after sexual intercourse. Con- 
trary to such older reports, in the tubes of 5 women examined two and 
a half days to five days after copulation no spermatozoa were found. 
It is believed that as a rule they may be detected there only up to forty- 
eight hours.** 

The many interesting experiments carried out on animals of various 
species cannot be used as a basis for conclusions regarding human beings. 
There is hardly another field of physiology in which the differences 
between the various species are as impressive as in the sexual field, 
including the behavior of spermatozoa. This is the reason why only 


15. 16a and b, 274, 278. 

16. 16a and b, 44b, 127, 1316, 264, 276. 
17. 30, 44a, 131 b and c, 136, 204d, 331 b. 
18. 16a and b, 76, 215, 217, 3315. 








156 ARCHIVES OF PATHOLOGY 


findings concerning human spermatozoa are mentioned in this paper. 
Concerning human spermatozoa, Weisman in his book summarizes the 
periods of motility as follows: 


42.6 cadeatussdondepetdenawroean 2to 3 hours 
ED debdndccccccecnececshtensunnaes 48 to 110 hours 
WY che doscecscisecddeiiiussmees 24 to 48 hours 
ER Pere are 24 to 48 hours 
In vitro at: 

Pn Ne dedwinkiccads esardaabedereayes 1 hour 
37 C. (body temperature)............. 10 to 12 hours 
20 C. (room temperature)............. 30 to 48 hours 


PERIOD DURING WHICH SPERMATOZOA ARE RECOGNIZABLE 
AFTER THE FEMALE’S DEATH 


The presence and survival of spermatozoa depend on local and gen- 
eral factors. Physiologic and pathologic conditions, the general health 
of both the male and the female, the quantity and the quality of the 
spermatozoa and the chemism of the vagina and the cervix all have an 
influence on the motility of the spermatozoa and on their preservation 
after loss of motility in the female genitals. 

Only a few reports concerning the detection of spermatozoa in the 
dead female’s genitals are available, and they are inaccurate. Sperma- 
tozoa were found in the vaginas of 2 of 3 prostitutes, all of whom had 
engaged in sexual intercourse shortly before violent deaths. In 1 
instance motile spermatozoa were detected in the fallopian tubes fifteen 
hours after sexual intercourse ; the case reported was that of a prostitute 
who died with her partner during the act of copulation as a result of 
poisoning with carbon monoxide.’® 

The assailant often undertakes active or passive cleansing of the 
victim. The surviving.female may cleanse the parts even more thor- 
oughly than if the man tried to remove the ejaculate. In a certain case 
a man stuffed the vagina of his victim with moss in an effort to disturb 
the detection of semen. In another case lavage with Cologne water made 
it impossible to detect spermatozoa in the vagina. Washing with water 
and soap may prevent the examiner’s obtaining positive results even 
though the vagina is searched promptly after such cleansing.”° 

Lapse of time prior to the discovery of a dead victim and artificial 
removal of the material are two main factors rendering the results of 
examination less favorable than during life. Except for these factors, 
the findings may be the same. The conditions affecting the survival 
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and presence of spermatozoa at the moment of death may be decisive 
for the results of the analysis. 

As stated before, only the findings in the vagina may be used for the 
reconstruction of the time elapsed after the last copulation. Although 
the various authors give the time of survival of spermatozoa in the 
vagina as from thirty minutes to twenty-eight hours and the period of 
their presence in the vagina as from thirty minutes to seventeen days, 
one may safely consider the periods to be, for motile spermatozoa in the 
vagina after coitus, thirty minutes to two or three hours, and for non- 
motile spermatozoa in the vagina after coitus thirty minutes to twenty- 
four hours. 

SEMINAL STAINS 


MACROSCOPIC CHARACTERISTICS OF DRIED SEMINAL STAINS 


Material for Examination.—In practice the identification of dried 
stains as of seminal origin may be rendered difficult by the nature of the 
material on which the stain is formed. Laboratory experiments with 
artificial stains cannot be compared with the analysis of material as 
obtained in office practice. Urine or feces, urethral, vaginal or cervical 
discharges, pus from the genitals or from furuncles, blood from insects, 
menstrual blood, other blood, sweat, tears, nasal mucus, saliva, sputum, 
gastric contents, stains from fruits or vegetables, from sauce, coffee, 
tea, beer or wine, from drugs, such as silver nitrate and lead acetate— 
any of these may be combined or mixed with semen stains. The picture 
of what one may discover is therefore infinitely variable. In 1 case 
rape occurred in a barbershop: three types of stains contained various 
kinds of hair, semen mixed with blood, and vaginal cells. In another 
case of rape a shirt showed fourteen various stains, six of which were 
identified as semen mixed with blood. The aspect of a stained cloth 
buried in a garden cannot be imitated in the laboratory. The gross 
appearance of semen stains depends on the material stained, on climatic 
factors, such as temperature and humidity, and even on the presence of 
micro-organisms and insects. Little is known about the digestion of sper- 
matozoa by maggots. In connection with this question findings con- 
cerning the action of artificial gastric juice on spermatozoa are of 
interest: Spermatozoa are immobilized within five to ten hours; their 
tails are digested within two days and their heads within four days. In 
order to prevent further damage of the material beyond that present 
when the stain is discovered, persons handling the material are advised 
to protect it against moisture, infection and friction.** 


Number, Size, Shape, Color, Consistency and Odor of Stains —The 
number and the size of seminal stains depend on their origin. In the case 
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of spontaneous emission there is usually only a single stain some 7 cm. 
in diameter. Material ejaculated outside the female genitals at an 
interrupted coitus usually forms several smaller irregular spots, roughly 
from 0.5 to 3 cm. in diameter. A distribution of the stains in ring form 
suggests that the cloth was used for cleansing of the penis. An arrange- 
ment of the stains in stripes is more likely due to cleansing of the 
female genitals or other objects. 

The outline of seminal stains is maplike, the border sinuous and 
deeper stained because of the concentration of chemical constituents. 

The color is gray, sometimes yellowish gray or yellow, or occa- 
sionally reddish owing to admixture of pus or blood. 

The consistency depends on the material on which the stain occurs. 
On nonabsorbent material, such as stone, marble, metals, glass, or on 
skin, leather, rubber, fur, velvet, heavy woolen cloth, starched linen, rayon 
or cotton, the stain has a grayish scaly, starched, gummed or collodium- 
like appearance. On absorbent material, such as some textiles (cotton, 
silk, linen) or sponges, the stain is colorless, hardly visible. Testing 
of the consistency by touch is an important step in the examination. 
Such factors as the color of the stained material, its structure or its 
admixture with other substances may change the appearance of the 
stain.?* 

Moist seminal stains have an odor similar to that of chestnut blos- 
soms, but this odor seldom develops in dried stains after application of 
moist heat. Some believe that the odor described is characteristic or 
typical for semen furnished at intercourse, but pus, nasal mucus and 
other dried or heated organic material may have a similar odor. Odor 
is not important for the identification of stains.”* 

The macroscopic examination of seminal stains does not seem reliable. 
None of the characteristics is typical solely of semen. Indeed, almost 
all human secretions haye certain attributes in common. Not only do 
different samples of semen produce somewhat different stains, but the 
same ejaculate may appear different on various backgrounds. One and 
the same person may furnish variable semen. The unreliability of the 
gross examination of seminal stains is obvious, but still the testimony 
of laymen based on macroscopic inspection of stains is being held com- 
petent by some courts.** 

Detection of Stains by Special Illumination.—Various methods have 
been proposed for the detection of stains. The stained portions of a 
cloth may be somewhat translucent, its meshes being more or less 
filled with material. In such a case viewing the cloth by transmitted 
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light may be helpful. Carbon light, in which albumin appears deep 
yellow, semen and other substances pale yellow, and Auer’s light have 
been applied. In filtered Wood’s light seminal stains and urine give a 
white-bluish fluorescence. Ultraviolet rays may be filtered through 
cobalt or nickel oxide. The fluorescence changes with the type of 
material stained and is not specific for semen. It is due to the choline 
content of semen and disappears if the stain is soaked in water. In 
spite of these limitations, the method is often recommended. It was 
improved by measuring the wavelength and intensity of the fluorescence. 
Fluorescent light between 4,000 and 4,900 angstroms, with a maximum 
around 4,200 millimicrons, is supposedly characteristic for semen, regard- 
less of the age of the stain and independent of the spermatozoa. The 
contrast on spectrographic photographs may be increased with a 10 per 
cent solution of potassium bromide. The statement that this method 
is indispensable for the identification of stains as those of semen does not 
seem justified. The method is, however, of high value for the localization 
of stains.*° 


Differentiation of Stains by Special Chemicals and Dyes.—Various 
reagents have been used for the differentiation of stains. The results 
depend on the presence’ or absence of albumin. Albumin, which con- 
tains sulfur, can be proved present or absent by application of lead com- 
pounds. Ammonium molybdate dissolved in nitric acid stains seminal 
spots deep yellow owing to the presence of phosphorus. Heat, and also 
vapors of tincture of iodine, color seminal stains yellow or brown.*® 

The first dyes used for the discovery and identification of seminal 
stains were carmine in ammonia, or a mixture of ammoniacal carmine 
with trinitrophenol, a solution of erythrosin, potassium bichromate and 
sodium sulfate in ammonia. The material was first colored and then 
decolorized with a solution of sodium carbonate. Seminal stains should 
resist decolorizing much longer than other biologic matter. Claims of 
specificity of the results for seminal stains do not withstand criticism.*’ 


Identification of Stams by Chemical Reactions —Seminal stains have 
been stated to be characterized by the following attributes: (1) their 
yellow color which disappears under application of distilled water, 
(2) their odor, (3) the gelatinous flocculation of the filtered extract 
and (4) their chemical reactions. Alcohol, lead acetate, lead sub- 
acetate and mercury bichloride when added to the extract of a seminal 
stain furnish a white precipitate, while nitric acid causes the extract 
to turn yellow. These criteria have been widely accepted by elder 
investigators. Tests for albumin with nitric acid, with glacial acetic 
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acid and with potassium ferricyanide, as well as the xanthoproteic 
reaction, are negative with extracts of seminal stains. The biuret test 
is positive; Millon’s test may be positive or negative. None of these 
tests gives a positive result characteristic for semen or suffices to 
exclude semen if negative.** 


Comments on the Macroscopic Examination of Stains —The most 
important step in the gross examination is the detection of the stains 
and the coordination of their distribution with the circumstances noted 
at the scene of the crime. The detection of the stains may be facili- 
tated in two ways: 1. Various illuminations may be used, among 
which that from ultraviolet rays has the most advantage. 2. Chemicals 
or dyes may be used, but among the recommended ones only ammonium 
molybdate in nitric acid achieves good results. The acid interferes with 
further examination of the stain. Therefore this method cannot be 
recommended. A 0.01 per cent solution of sodium sulfate of alizarin in 
distilled water turns violet any stains caused by an alkaline substrate. 
Other indicators may be used as well. Seminal stains always give the 
reaction, as semen is alkaline. Watery extracts of seminal stains may be 
tested with nitrazine paper and compared with a chart. 

Neither ultraviolet rays nor alizarin helps to differentiate between 
semen and other material. They merely facilitate the detection of stains. 
They do not interfere with the further analysis of the material. Other 
chemicals and dyes recommended for use in the identification of a stain 
as semen do not yield satisfactory results, nor do the macrochemical 
tests employing extracts of stains. The value of the spectrographic 
examination may be lower in practice than in theory because the mate- 
rial available for examination is often unclean. A reliable method for 
the macroscopic identification of seminal stains is not yet known. 


MICROSCOPIC CHARACTERISTICS OF SEMINAL STAINS 


Cells and Fluid; History of Finding of Cells—Semen consists of 
two parts which can be separated by centrifugation: fluid and cells. 
Seminal fluid contains 80 to 90 per cent water, 1 to 2 per cent salts, 
8 to 10 per cent organic matter, 2 to 6 per cent proteins and 0.21 per 
cent lipoids. Seminal plasma contains 150 to 175 mg. of phosphorus, 
24 to 25 mg. of calcium, 200 mg. of sodium chloride, 200 to 300 mg. 
of dextrose, 72 mg. of urea, 90 to 100 mg. of lactic acid and 80 mg. of 
cholesterol per hundred cubic centimeters. None of these chemical 
constituents is found solely in semen. Compared with blood plasma, 
the plasma of semen contains one or two hundred times more phos- 
phorus, two and a half times more calcium, twice as much sugar, 
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twice as much urea, four to five times as much lactic acid, and half 
as much cholesterol. The identification of a liquid sample as semen 
by a quantitative chemical analysis may be possible. Dried seminal 
stains, however, cannot be identified in this way. In addition, one 
has to differentiate semen not only from blood but also from other 
biologic material of a more similar chemical composition. 

The cellular elements may be divided into two groups. One group 
is formed by germ cells; the other, by cellular elements of various 
origin. The presence of germ cells is typical for semen, and this fact 
permits identification of both fresh and dried samples by morphologic 
means. The presence of spermatozoa in a spermatocele or in fluid 
obtained from the testicles, the epididymus or the seminal vesicles by 
puncture has only theoretic importance. Commonly, the detection of 
spermatozoa is tantamount to identifying the specimen as semen. 

Orfila, in 1827, was the first one to use the microscope for medico- 
legal purposes, though this distinction has been claimed by others. 
He employed the microscope to search for spermatozoa in stains. His 
first attempt did not meet with success, but later in a discussion, Orfila 
claimed priority in the detection of spermatozoa in stains. The mis- 
understanding arose owing to the change of the text in successive 
editions of textbooks. The truth is that the first successful recovery 
of spermatozoa from stains was made by Lebailiff.*® 

Many investigators have concurred in holding that the detection of 
spermatozoa is the only proof that a stain is that of semen. Their con- 
tention is generally accepted. One must be conscious of the fact that 
semen may be without spermatozoa. Further difficulties may be intro- 
duced by external factors, especially by partial removal of the stain.*° 

Cellular Artefacts in Stains —The fundamental desideratum is the 
detection of at least one unharmed spermatozoon with a normally out- 
lined head, neck, body and tail. Spermatozoa may be damaged or 
broken and their parts separated. This may be due to external factors 
or to handling during the laboratory investigation. The detection of 
isolated parts of spermatozoa is not significant for diagnosis. Fibers 
of the cloth, bacteria, trichobacteria and molds may suggest tails of 
spermatozoa. Yeast, yeastlike fungi, certain varieties of Monilia, cells 
from the urinary tract or their nuclei, blood cells and spores of bacilli 
may suggest heads of spermatozoa. Some infusoria, cercarias, Tricho- 
monas vaginalis or intestinalis and certain bacilli (Trommelschlagel- 
bakterien) have to be differentiated from spermatozoa.” 
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Trichomonas Vaginalis, Monilia, Bacteria, Pus and Vaginal Cells 
in Stains —Confusion of Trichomonas vaginalis with spermatozoa is 
hardly possible. Its longitudinal diameter is twice or three times as 
long as the length of the head of a spermatozoon; it may be as wide 
or twice or four times as wide as the head of the spermatozoon. The 
terminal flagellum is short, and no center link is seen between the body 
and this flagellum. Often the four short flagella at the front are also 
seen. The nucleus is commonly visible, especially when stained. The 
slower movement and the rotation also distinguish the protozoon 
from the spermatozoon. Only exceptionally a giant spermatozoon may 
show the dimensions of a trichomonad. The detection of T. vaginalis 
in a stain on a man’s clothing is erroneously considered to establish 
a significant female origin of the stain. In fact, however, this organism 
may be the cause of cystitis in the male, and may be present in male 
urine and stains. The same is true of intestinal flagellates. The detec- 
tion of T. vaginalis in a stain acquires great significance only when 
the organism has been detected in the complaining female and has 
been found simultaneously absent from the suspected assailant. Motile 
trichomonads were found under the foreskin of an assailant six hours 
after the crime. This contributed to the conviction of the accused man.** 

The confusion of Monilia albicans and other types of Monilia with 
the heads of spermatozoa hardly ever occurs. The head of the sperma- 
tozoon is four times larger. Spermatozoa only seldom, as in the case 
of hyperpigmentation or abnormity of the acrosome, show a uniform 
stain, whereas the conidium of Monilia accepts only one color. The 
more characteristic mycelium is usually seen beside the conidium. 

Rules similar to those for the evaluation of protozoa and molds 
are valid for the discovery of bacteria in stains. In a case of rape of 
a 7 year old girl, stains found on the clothing of the girl and of her 
suspected assailant could not be identified as those of semen. As the 
girl was infected with ‘gonorrhea by the assailant, a negative result 
from bacteriologic examination of the suspected man was strong proof 
of his innocence. I experienced a contrary case in which the evidence 
could be based on a strong positive complement fixation test for 
gonorrhea in the case of the assailant. 

Pus may be of genital or extragenital origin and from the male or 
from the female. A pus stain on a man’s shirt may have some importance 
as evidence if the assailed female has a purulent discharge while none 
is found in the suspected male. 

A study of smears may lead to important conclusions. The pro- 
portion of extracellular and intracellular gonococci and of pus, vaginal 
cells and mucus may be used for the estimation of the interval of time 
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between infection and examination. In a case of recent gonorrheal 
infection of an 11 year old girl, I was able through this method to 
aid in the reconstruction of the assault and to procure conviction of 
her assailant. 

The female origin of a stain can be proved by the detection of 
vaginal cells. The differentiation of vaginal cells from other cellular 
elements may be achieved by extraction of the discovered stain in abso- 
lute alcohol and staining of slides with Best’s carmine for glycogen. 
In cases in which a cloth has been used for wiping out the vagina, 
these cells are always present. The appearance of vaginal cells changes 
with the cycle, and the findings may render some additional information. 
The detection of vaginal cells together with spermatozoa excludes the 
possibility of spontaneous emission of the semen which caused the stain. 
Pus cells containing glycogen hardly could be confused with vaginal 
cells. Seldom spermatozoa are found in alcoholic extracts of a stain; 
they are detected by other methods.** 


The Spermiogram and Its Significance in the Identification of 
Stains—Normal semen contains about 20 to 25 per cent of immature, 
aged and abnormal spermatozoa and only 0.25 to 2 per cent of imma- 
ture cells of the spermatogenesis in relation to 100 cellular elements. 
That one will detect these cells in stains from normal semen is there- 
fore unlikely. In abnormal semen the rate of occurrence of defective 
spermatozoa and of immature cells may be higher. Many in the group 
of sexual assailants have abnormal semen. In cases of azoospermia the 
detection of immature cells may lead to the identification of a stain 
as of seminal origin and may even be helpful in establishing individual 
identity (Pollak and Joél, 1938, 1939). 


Biometry and Its Significance in Establishing Individual Identity. 
—Mo6nch claims that the size and the shape of the head of the sper- 
matozoon are constant and that biometric curves of two semen samples 
may be similar but are not identical. As stated before, there seem 
to be limitations to the value of biometric curves for individual 
identification: The number of normally formed spermatozoa changes 
with repeated ejaculation. After spontaneous emission abnormal forms 
and especially giant forms of spermatozoa are found in higher num- 
bers than are usually present in the semen of the same man. The 
morphologic aspects of the spermatozoa change with irregularities of 
the sexual life, with local abnormalities of the sexual organs, with 
localized remote or with generalized diseases. In addition, seminal 
stains are much less suitable for biometric studies than fresh speci- 
mens. Owing to the adhesion of the spermatozoa to the fibers of the 
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cloth, one sees but few spermatozoa in their full outline, whatever 
method is used for demonstrating the spermatozoa." 

Morphologic Differentiation Between Human and Animal Semen.— 
The change of the structure of spermatozoa may proceed so far that 
the cytologic distinction between human and animal spermatozoa appears 
difficult. The characteristics of the spermatozoa of various species are 
well known, and usually the distinction is an easy one. The possibility 
of confusion is denied by most investigators, but admitted by others. 
Cases of bestiality or sodomy are often mentioned in the medicolegal 
literature. Today they are rare. The question may be raised seldom 
but should be kept in mind. It is answered by immunologic methods.” 


RECOVERY OF SPERMATOZOA FROM DRIED STAINS 


MATERIAL FOR EXAMINATION; HISTORY AND SURVEY OF 
VARIOUS METHODS 


The search for stains should be thorough because the choice of 
material for examination is decisive in respect to the results of micro- 
scopic examination. Stains on nonabsorbent materials are more readily 
examined than stains on absorbent fabric. The central portion of the 
stain usually contains the largest number of spermatozoa, owing to 
the slower drying of the center.*® 

The examination can be conducted in different ways: If the stain 
is superficial and scaly, material can be scraped away, and being com- 
paratively free from fibrillar material, it allows the cellular elements to 
be readily observed. Stains on absorbent material are being examined 
without or with destruction of the supporting material. 

Soaking the cloth and searching for the spermatozoa in the extract 
was the first method applied (1837). Later, spermatozoa separated 
from the mechanically (1860) or chemically (1882) destroyed support 
have been recovered. Other methods include demonstration of sper- 
matozoa in situ after more (1857) or less (1864) complete destruction 
or with preservation (1928) of the stained material. 


DEMONSTRATION OF SPERMATOZOA IN SITU WITHOUT 
DESTRUCTION OF THE SUPPORT 


The simplest way of demonstrating spermatozoa in their original 
position in a stain seems to be to color the whole material. Cloth 
stained with diluted Giemsa’s solution after fixation of the stain in 
alcohol has been observed by special illumination. As an alternative 
method, May-Griinwald, Jenner’s, Ehrlich’s or Pappenheim’s stain has 
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been used. Coloring the material with a phenolic solution of rose bengal 
and observation in Auer’s light have been recommended. Material also 
has been treated with Pulgher’s solution of tannin and crystal violet, 
a method previously used in demonstrating bacterial flagella.* 

The material mav be silvered instead of colored. Hortega’s solu- 
tion of silver nitrate in sodium carbonate and ammonia or Bielschowsky’s 
solution of silver nitrate in sodium hydroxide and ammonia have been 
used for impregnation.** 


DEMONSTRATION OF SPERMATOZOA IN SITU AFTER PARTIAL 
DESTRUCTION OF THE SUPPORT 

Fibrillation—The material may be partially disintegrated by soaking 
and teasing. The soaking is intended to soften the material and loosen 
the smaller fibrils and some of the spermatozoa. Iodine and potassium 
iodide were applied by many investigators for coloring. Others used 
alcoholic eosin, watery eosin, croceine or acid fuchsin for staining.*® 

Combined stains which color differently the various parts of the 
spermatozoa were introduced later. Erythrosin in methyl alcohol was 
used as a direct stain and methylene blue as a counterstain for material 
furnished by fibrillation. Acid fuchsin and an acid solution of methylene 
blue formed another combination. Gram’s stain was used on top of 
fuchsin—methylene blue. Soaking the stained cloth in hydrogen peroxide 
presents another modification. Some workers prefer the simple stain, 
others are partial to combined ones, and still others submit all these 
methods to criticism.*° 

Miiller’s potassium bichromate solution, Kleinenberg’s solution of 
trinitrophenol in sulfuric acid or Mayer’s solution of trinitrophenol 
in nitric acid have been used for fixation. Ammonia has been applied 
to prevent the coloring of the support. Ammoniacal erythrosin com- 
bined with methylene blue or without it, erythosin dissolved in potassium 
hydroxide and Giemsa or May-Griinwald stain have been used for 
coloring after fixation of the material.* 


DEMONSTRATION OF SPERMATOZOA IN SITU AFTER COMPLETE 
DESTRUCTION OF THE SUPPORT 
Teasing—Mezger was the first to tease fibers from the center of a 
stain. He moistened the fibers in ammonia water, converted them into 
fine shreds and observed the disintegrated material microscopically. 
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Colored slides are easier to search than uncolored material. Water, 
ammonia water, saline solution, solution of potassium hydroxide, ammo- 
niacal eosin, glycerin or glycerin-pepsin are used for softening the 
material. For staining the shreds Roussin’s iodine solution, ammoniacal 
carmine or a combination of both dyes has been applied. Others have 
used ammoniacal erythrosin alone or combined with Weigert’s iron- 
hematoxylin, acid fuchsin and methylene blue, or iron-hematoxylin and 
trinitrophenol.*? 

For fixation of teased material Schweizer’s copper hydroxide reagent 
or Miller’s solution has been recommended. Ruthenium red, ammo- 
niacal erythrosin, eosin and carmine have been used as stains for fixed 
material.** 

Silvering may replace the staining of shreds.* 


DEMONSTRATION OF SPERMATOZOA SEPARATED FROM THE 
PRESERVED SUPPORT 


Soaking.—In spite of some initial opposition, the methods of 
maceration have been practiced for a long time and are often used 
even today. Tap water and distilled water are most often used for 
soaking the material. Some reject distilled water as causing swelling 
of the heads of the spermatozoa. To prevent evaporation, a covered 
watch glass should be used. Acetic acid, hydrochloric acid, nitric acid, 
potassium hydroxide, solutions of sodium carbonate or of mercury 
bichloride and cold and hot ammonia water are used in a varying con- 
centration and for a varying length of time. Saline solution, glycerin, 
alcohol, a mixture of acetone, ether, chloroform and purified petroleum 
benzene (petroleum ether), Paccini’s mixture of glycerin, sodium 
chloride and mercury bichloride or a mixture of glycerin, pepsin and 
hydrochloric acid are also recommended for soaking the cloth.*® 

Dark field illumination and also polarized light have been used to 
demonstrate spermatozoa in watery extracts of stains.*® 

The staining of the extracted material may facilitate the detection 
of cellular elements and their identification as spermatozoa. Ammo- 
niacal eosin, watery eosin, glycerinic eosin solution, ammoniacal or 
phenolic erythrosin, watery erythrosin, phenolic gentian violet, phenolic 
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fuchsin, watery crocein, watery neutral safranin or alkaline methylene 
blue is used for this purpose. Maceration of the stained cloth in a 
solution of mercury bichloride and staining of the extract with methylene 
blue or with hematoxylin supposedly reveal two hematoid granules in 
the head of the spermatozoon. These granules have been proved to 
be artefacts.** 

As to combined stains, dried extracts have been colored with alum- 
carmine, differentiated with acetic acid and counterstained with mala- 
chite green. Methylene blue or hematoxylin and eosin and also the 
May-Griinwald stain have been applied to color the various parts of 
the spermatozoa differently.** 


Soaking and Filtration—Repeated maceration in water and ammonia 
water or alcohol and filtration of the extracts have been recommended 
to concentrate the material furnished by extraction (Bayard, 1839, 
1844, 1846). 

Soaking and Squeezing—Maceration in water or saline solution 
and subsequent squeezing of the cloth have been introduced as another 
improvement for the examination of unstained extracted material.*® 

Soaking in dilute hydrochloric acid, squeezing and staining with 
Friedlander’s or Bohmer’s alum-hematoxylin and with eosin, or vice 
versa, or with Grenacher’s alum-carmine and with eosin, or with 
3ismarck brown Y and eosin were combined in some prescriptions. 
Acidified water with methyl green also was recommended. These 
methods have been often modified, recommended by some workers and 
rejected by others.*° 

A thin layer of acacia may be applied on the moistened cloth, the 
preparation pressed against slides, and the adherent material stained 
with Baecchi’s acid fuchsin and methylene blue (Gabbi, 1914 b, 1915). 


Soaking and Centrifugation.—Another way to concentrate the watery 
or saline extract of a stain is that of centrifuging it. The sediment may 
be colored with tincture of iodine and alcoholic Biebrich scarlet, water 
soluble. Centrifugation may be preceded by soaking the cloth in water 
with thymol, in a solution of mercury bichloride, in Schweizer’s reagent 
modified, in dilute antiformin or in ether. For staining, ammoniacal 
erythrosin, watery eosin, Ziehl’s carbolfuchsin diluted, acid fuchsin— 
methylene blue, gentian violet or india ink is used with variable success.” 
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DEMONSTRATION OF SPERMATOZOA SEPARATED FROM THE SUPPORT 
WITH THE LATTER'S PARTIAL DESTRUCTION 


Scraping.—Often the stained cloth is moistened with water, the fabric 
then scraped with a knife and the material obtained examined.*” 

Staining of the material furnished by scraping moistened cloth may 
render the differentiation of the spermatozoa from the fibers of the 
support easier. Carbolthionine solution, Pulgher’s crystal violet, eosin 
and methyl green, and wool black and diluted Loffler’s alkaline methylene 
blue are being used.*® 

Soaking of the piece of stained fabric in Miiller’s potassium bichro- 
mate solution has been combined with squeezing and scraping of the 
material onto a slide with a scalpel. The heat-fixed slide is stained 
with Leishman’s stain. 

A different method has been recommended: Pieces of cloth are 
tied into small bundles, stained with ammoniacal eosin, then soaked in 
ammonia water, placed on slides and covered with a mixture of acacia, 
sugar and albumin; finally the hardened layers are separated with a 
knife except for the last one.** 


DEMONSTRATION OF SPERMATOZOA SEPARATED FROM THE 
COMPLETELY DESTROYED SUPPORT 


Decomposition.— Mechanically, only partial destruction of the stained 
cloth may be achieved. Chemically, complete destruction is obtainable. 
The resistance of the spermatozoa to chemicals is the basis for these 
methods. Diluted sulfuric acid has been used by some to destroy all 
organic matter except the spermatozoa. Others have recommended 
sulfuric acid and distilled water for the destruction of the support, sub- 
sequent washing of the material and staining with alcoholic eosin. 
Iodine or iron-hematoxylin with trinitrophenol and iodine and Van 
Gieson’s stain have been applied for material destroyed in dilute acid. 
Concentrated sulfuric acid was introduced first by Grigoryeff. The 
destructiveness of the acid was combined with the ability of potassium 
cyanide to dissolve protein matter and with the protective qualities of 
tannin. The use of sulfuric acid and tannin and coloring with alcoholic 
phenolic erythrosin and alcoholic malachite green represent a further 
modification of the acid destruction method. The acid is replaced by 
Schweizer’s copper hydroxide reagent and the material stained with 
erythrosin.® 
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Carbonization.—The upper limit of destruction may be reached by 
placing the cloth in a crucible with concentrated sulfuric acid and 
heating the crucible over a flame. This procedure has provoked criti- 
cism.*° 


COMMENT ON THE METHODS OF MICROSCOPIC EXAMI- 
NATION OF DRIED STAINS 


Demonstration of Spermatozoa in Situ.—The demonstration of sper- 
matozoa in situ without destruction of the support is difficult. Only 
very thin cloth can be successfully subjected to this method of study. 
Among the various stains and impregnation methods recommended for 


Fig. 2—A comparison between the results of maceration and the results of 
dissociation of the support. The result of soaking in a 0.9 per cent solution of sodium 
chloride for twenty-four hours is shown in A, a seminal stain, and B, a vaginal 
stain. The result of teasing of fibers into finest shreads is shown in C, a seminal 
stain, and D, a vaginal stain. x 300. 


this purpose the most preferable one is a combination of the Jenner, 
May-Griinwald and Giemsa stains. Most of the dyes and the silver 
solutions stain or impregnate the supporting material as well as the 
spermatozoa. Generally, these methods cannot be recommended. 
The partial mechanical destruction of the support renders the demon- 
stration of spermatozoa in situ easier. Fixation of the material is 
unnecessary, becasue the spermatozoa adhere to the fibers. Many 
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modifications of the fibrillation method have been described, in which 
various dyes have been used. The claims concerning the specificity of 
stains for spermatozoa cannot be substantiated. No method in this 
group deserves consideration. 


Fig. 3——Methods suitable for the recovery of spermatozoa from stains. A 
and B represent chemical destruction of the support. A demonstrates that after 
twelve hours in concentrated sulfuric acid the number of spermatozoa is as high 
as that of a fresh sample (F 120). B shows the details visible after chemical 
decomposition (x 400). C and D represent mechanical destruction. C shows 
the spermatozoa still adherent to the support after twenty minutes’ boiling in tap 
water (x 360). D shows the details visible after mechanical dissociation (x 400). 
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The further destruction of the support by teasing the fibers into the 
finest shreds furnishes the desired results. Again, fixation of the 
material can be omitted ; stiff material may have to be softened. Among 
all the solutions recommended, tap water, ethyl alcohol or methyl! alcohol 
serves best, provided that the dry material cannot be teased. Among 
the stains, erythrosin combined with iron-hematoxylin, as recommended 
by Ellermann (1911) furnishes the best results, and his method can be 
accepted as the best one for the demonstration of spermatozoa in situ. 

Isolation of Spermatozoa—The demonstration of spermatozoa 
separated from the preserved support is the oldest and most commonly 
used method. In most instances it is unsuccessful because of the adher- 
ence of the spermatozoa to the support. Among the numerous reagents 
recommended for soaking stained material dilute hydrochloric acid is 
by far the best. Water with thymol furnishes some results. Staining 
of extracts is helpful in the detection of the cellular elements. Filtration, 
squeezing and centrifugation of the extracts may concentrate the material 
but damage the spermatozoa to such an extent that the identification 
of the organisms is unreliable. Maceration, whether applied alone or 
in combination with other procedures, cannot be recommended. Its 
value is in demonstrating cellular elements other than spermatozoa. 

Scraping of moistened cloth and also embedding and scraping fur- 
nish hardly a preserved spermatozoon. 

The complete decomposition of the support by chemical means is 
the only way toward satisfactory results. Among the reagents applied, 
concentrated sulfuric acid, as recommended by Grigoryeff (1902 d), 
furnishes the best results when one attempts to demonstrate spermatozoa 
separated from the stained material. 


ATTEMPTS TO IMPROVE THE MORE VALUABLE METHODS 


The large number and the variety of procedures recommended for 
the detection of spermatozoa in seminal stains are rather confusing. In 
textbooks the chapters concerning the examination of seminal stains 
are usually meager. Only a few reviews concerning this matter have 
been published, the last one in 1914. A voluminous review has been 
published in the Spanish language, but the writer chose as the best 
methods unsuitable ones, such as embedding and scraping. Less exten- 
sive reviews have been published in Germany, but the authors of these 
failed to pay any attention to papers other than those published or 
abstracted in the German language.” 

In order to evaluate all the methods and to judge the competitive 
procedures fairly, it is necessary to try them out. I have undertaken 


57. 86b, 142, 168c, 249. 





ARCHIVES OF PATHOLOGY 


this task. Two methods are found to furnish satisfactory results: (1) 
the teasing of fibers of cloth into the finest possible shreds followed by 
staining with ammoniacal erythrosin and iron-hematoxylin; (2) the 
dissociation of the material in cold or slightly warmed concentrated 
sulfuric acid. 


The two methods which will be described in detail at the end of 
this review have been subjected to experimentation in order to simplify 
the technic or to improve the results. The mechanical destruction of 
the fabric is simple. Dry material or material first moistened with a 
drop of water, ethyl alcohol or methyl alcohol is teased with two 
needles. Instead of erythrosin, eosin may be used, and instead of iron- 
hematoxylin, hematoxylin. Such a change is of no advantage, as the 
time of staining must be prolonged in such a case. The chemical decom- 
position of the material is equally simple. The only modification to 
be recommended is the shortening of the time of digestion, which may 
be accomplished by placing the watch glass with the substrate in the 
acid into an incubator at about 50 C. The most suitable moment for 
the microscopic examination of the material has arrived when only a 
skeleton of the stained matter flows in the acid. This skeleton is taken 
out, transferred to a slide, covered with a cover glass and observed 
under low and high power lenses. The preservation of such a slide is 
difficult. However, after six weeks some of the spermatozoa are still 
unchanged. Repeated lavage of the slides in water fails to change the 
results. Neutralization of the acid with sodium bicarbonate or sodium 
hydroxide results in complete destruction of the cells. Attempts to 
imitate the procedures used in the histologic technic for decalcification 
meet with failure; sodium sulfate, lithium sulfate or potassium alum 
applied in 5 per cent watery solutions for one or two days with one 
change and washing in distilled water result in disintegration of the 
spermatozoa. Staining: of the slides furnished by chemical destruction 
is impossible because of the decomposition of dyes through the action 
of the acid, but is unnecessary, as the spermatozoa appear dark brown 
or black. 

In addition to the methods recommended in the literature, the best 
procedures used for microscopic studies of spermatozoa and cells in 
fresh seminal smears have been tried out for comparative purposes. 
After heat fixation, slides were treated with diluted solution of sodium 
hypochlorite U. S. P. (Dakin’s solution), stained with a mixture of 
carbolfuchsin and alcoholic eosin and counterstained with watery 
methylene blue. After fixation in Schaudinn’s fluid, slides were stained 
with watery eosin and hematoxylin. After fixation in alcohol, slides 
were stained with hemalum and eosin, with the Ehrlich-Biondi- 
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Heidenhain polychrome stain, which is a mixture of acid fuchsin, 
orange G and methyl green, and with Pappenheim’s methyl green— 
pyronine. Giemsa’s azure-eosin was applied after methyl alcohol 
fixation of shreds. None of these methods gives exceptionally good 
results with dried material. For the study of cellular structures, the 
last method may have some advantage against the quicker erythrosin 
and iron-hematoxylin stain.** 


Finally, an attempt was made by me to find a new way of demon- 
strating cellular elements in stains. Pieces of linen, half-linen, silk, 
rayon, wool, cotton and fur of different qualities and colors were handled 
similarly to tissues. Paraffin sections of varying thickness were stained 
with all common methods. Owing to the nature of the material, only 
a few spermatozoa are seen in their full outline. Boiling of the cloth 
for ten minutes in water before dehydration and embedding facilitates 
the detection of spermatozoa, as they separate from the shreds. Besides 
spermatozoa, other cellular elements of semen are seen. The picture 
generally is much the same as that of the slides prepared by teasing 
fibers into fine shreds. The proper thickness of sections was found 
to be between 4 and 6 microns. The erythrosin and iron-hematoxylin 
method seems to be the best for these sections. 


The study of the morphologic characteristics of spermatozoa in dried 
material is difficult. Few spermatozoa can be seen in their full outline. 


Most of them are not seen from above, but tangentially on the edge of 
shreds, where they lie attached to the material. The tails are twisted 
around the finest hairs, the neck adheres, and the head often forms an 
angle with the axis of the shred. Only spermatozoa lying near the 
shreds or on the shreds appear plainly. 


The reasons for the failure of some and the success of other methods 
are obvious. The separation of the spermatozoa from the support is 
seldom successful; the destruction of the soiled material is the basic 
requirement for the demonstration of spermatozoa in dried material. 
A relation between the age of the stain and the time necessary to free 
the spermatozoa cannot be found. Many negative results and the diffi- 
culties mentioned by various authors are due to the choice of unsuitable 
methods. A complaint of difficulty in detecting so much as a single 
spermatozoon in a seminal stain produced by normal semen containing 
millions of spermatozoa is almost invariably due to attempts to demon- 
strate the spermatozoa separated from the cloth. The adherence of 
the spermatozoa can be demonstrated by experiments involving the 
artificial removal of seminal stains. 
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ARTIFICIAL REMOVAL OF STAINS 


Boiling Water—The various authors reached contradictory con- 
clusions regarding the artificial removal of seminal stains. Some did 
not find any spermatozoa after boiling the stained cloth in water; others 
found spermatozoa after five, ten or twenty minutes’ boiling.*® 

In my experiments the spermatozoa first disappeared from the out- 
line of the shreds: after the material had been boiled for twenty or thirty 
minutes in tap water, the spermatozoa left the fibers in groups. At this 
point the examination of the water was successful. After as short a 
time as fifteen minutes of boiling, the heads of the spermatozoa were 
swollen and deformed. Simultaneous use of the method of teasing and 
the method of chemical destruction showed the first procedure more 
effective, as the spermatozoa adhered to the shreds and were increasingly 
deformed with the more advanced dissociation of the acid. After one 


TABLE 1.—Spermatozoal Findings in Boiled Cloth 








Minutes Teasing of Oloth Acid Destruction Washings 


5 +++ normal findings +++ normal findings 0 none found 

10 +++ normal findings +++ normal findings + isolated heads 

15 ++ lower number ++ lower number + same, tails + 

20 ++ same, swollen +/+ few found ++ some, tails ++ 

25 +- same, swollen +/0 few or none found +++ deformed spermatozoa 

‘ harder to find 0 none found same, fewer 
very hard to find 0 none found same, fewer 
very hard to find 0 none found same, fewer 
very hard to find 0 none found same, fewer 
few, identity ’ 0 none found none found 
few, identity 7? 0 none found none found 
few, identity +? 0 none found none found 


SOSH + 





hour, the spermatozoa were still visible on shreds of the cloth, but no 
one could identify them as such in unknown material. The results of 
experiments with different types of fabric were approximately the same. 

The routine which I have observed is as follows: Pieces of cloth 
are boiled in tap water, samples are cut every five minutes, and the water 
is changed twice before boiling for the next period of five minutes. The 
results are shown in table 1. 


Soapy Water.—Boiling the material in ordinary water will remove a 
seminal stain, but only very slowly. Boiling in soapy water interferes 
with results within five minutes, although this has been denied by some 
investigators.°° 

Comparative experiments with a 3 per cent solution of soap flakes 
(Rinso) and a 10 per cent solution of sodium carbonate reveal that 
after boiling for five minutes only a few isolated heads may be found 
on the fibers of the cloth. The chemical destruction furnishes some 


— 


59. 89 b, 212 c, f and g, 291 d, 332. 
60. 57, 291d, 332. 





POLLAK—SEMINAL FLUID STAINS 175 


spermatozoa with shrunken heads and a somewhat greater number of 
isolated tails. In the soapy water or the sodium carbonate solution no 
cells can be detected. The destruction of the spermatozoa in hot alkaline 
solutions proceeds so far within five minutes that their identification 
becomes practically impossible. 


Rubbing in Cold Water, Soapy Water, Alcohol.—Pieces of stained 
material may be washed with cold water and mechanically rubbed until 
the stain disappears. This takes only a few minutes. As long as the 
stain is not removed completely, its outline being grossly still visible, 
the results of the microscopic examination are the same as before. With 
complete removal of the stain, the results are changed, and the output 
is lower, but a sufficient number of spermatozoa for reliable diagnosis 
can usually be detected. 

The stain disappears quickly if the stained material is rubbed with 
a piece of linen moistened in soapy water. After a minute’s washing 
the detection of spermatozoa is almost impossible. One sees only a few 
deformed spermatozoa on the shreds, and in some samples, none. In 
slides made by the method of chemical destruction one sees much debris, 
a few separated heads with necks, but no complete spermatozoa. The 
identification of elements as spermatozoa is practically impossible. 

As long as a seminal stain is grossly visible or can be detected on 
the support, the result of microscopic examination does not differ from 
that under normal conditions. If the material is washed with plain 
water or boiled in tap water, the detection of the spermatozoa may be 
possible although macroscopically the stain has disappeared. In practice, 
this has not too much importance because probably no one would think 
to examine the material for spermatozoa unless he first detected a stain. 
Alcohol is not suitable for the removal of stains. A solution of soap or 
sodium carbonate renders the detection of spermatozoa impossible, 
whether applied cold or hot. 

Questions regarding natural changes in stains cannot be answered 
by laboratory experiments. It is hardly possible to imitate in the labora- 
tory the change of temperature and humidity which, according to some 
authors, explains many negative findings in the tropics. The method 
applied is often responsible for negative results. Putrefaction, also, 
might be expected to interfere with the examination, but laboratory 
experiments with artificially infected semen and seminal stains fail to 
confirm this supposition. There has been a tendency to overrate the 
influence of external factors on the results of the examination of seminal 
stains. If spermatozoa cannot be detected by dissociation, destruction 
and biopsy after boiling of the material, one immediately must ask 
whether semen is present or whether the stain conceivably originates 
from semen without spermatozoa. These questions may be answered 
by other methods than the microscopic examination of the material. 
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COMMENTS ON THE MICROCHEMICAL TESTS FOR SEMEN 
AND SEMINAL STAINS 


Tests for Choline——Because of the high content of choline group 
substances in human semen, the reagents for choline frequently give a 


= 


Fig. 4—Crystals resulting from microchemical reactions with semen (x 810): 
A, Florence’s reaction; B, Barberio’s reaction; C, Lecha-Marzo’s reaction. 


positive reaction. The chemical properties of the reacting substances 
explain many failures experienced with the tests. Exposure to water, 
changes of putrefaction or admixture of protein may account for many 
negative results. The presence or absence of spermatozoa is immaterial. 
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The tests are not specific, because of the presence of reacting sub- 
stances in material other than human semen. 

The original Florence test is better than the various modifications, 
which only change the amount, distribution, size and form of the 
resulting crystals. The formation of crystals does not depend on the 
reaction of the medium but on the concentration of choline. After 


Fig. 5.—Crystals resulting from microchemical reactions with semen (x 810): 
A, de Dominici’s reaction; B, Niederland’s reaction. 


maceration of the stained material with phosphoric acid, the typical 


crystals appear surrounded by an amorphous precipitate which may 
correspond to acetylcholine (Booth). 


Tests for Spermine.—As in the first group of reactions, the reacting 
substance explains the results achieved. Spermine is less sensitive to 
humidity, putrefaction and admixtures of protein matter than choline. 
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In spite of that, the sensitivity of all tests for spermine devised is 
lower than that of the reagents for choline. The roles of the sperma- 
tozoa and the prostatic secretion are the same as in the first group 
of tests. Spermine and spermine phosphate are present in animal 
semen as well as in human semen, and also in other human, animal 
and vegetable material. As with the tests for choline, so with spermine 
positive results do not indicate human semen nor do negative results 
exclude it. 

The Barberio test is the best known among the tests for spermine. 
The only modification improving the results is the one based on con- 
centration of the material by evaporation (De Dominicis, 1907 e, 
1908 g). 

In the combination of the Florence and Barberio reactions, the 
higher sensitivity of the test for choline becomes evident. Usually, 
only Florence’s crystals are present. Bocarius’ test with phospho- 
tungstic acid is less sensitive than Barberio’s reaction; the Lecha- 
Marzo phosphomolybdic acid test has the advantage that large crystals 
are formed. Among all the crystals described with this reagent only 
the yellowish hexagonal plates are characteristic. Puranen’s naphthol 
yellow S test and modifications of it are inferior to Barberio’s test, the 
sensitivity of those tests being far below the original claims.’*° 


Tests for Choline and Spermine Combined.—A reaction combining 
the two principles should have all the advantages and disadvantages 
of other tests. In practice, the reagents combine readily with spermine, 
but their sensitivity for choline is much lower. De Dominicis’ test fur- 
nishes about nine times more yellow needles than red squares. With 
concentration of the material the original relation of 9:1 may be 
changed to one as low as 7:3, owing to the increase of choline com- 
pound crystals. Various modifications change merely the appearance 
of the crystals (De Dominicis, 1912 v, w and y). 


Test for Calcium.—The high content of calcium in human semen 
renders the test positive. Addition of water, putrefaction and admix- 
ture of protein do not make the results negative. Owing to the presence 
of calcium in almost any biologic material, there is no organ or 
species specificity. The uselessness of Niederland’s test is obvious. 


COMPARISON OF ALL MICROCHEMICAL REACTIONS FOR SEMEN 


Only a few investigators have compared the several microreactions 
for semen. Florence’s test and De Dominicis’ may be better than all 


the other reactions. 


120. 25 4, 168k, 1, m, n and o, 247 a and b. 
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A titer of 1:500 is asked as the measure of the minimum sensi- 
tivity for a suitable microreaction for semen. Only Florence’s test is 
apt to fulfill this demand. A negative result of the Florence test and 
a positive result of the De Dominicis test, the latter used as a control 
of spermine, seem to be more valuable than the results of the other 
tests.**? 

None of all the tests introduced either indicates or excludes human 
semen. All the reagents used react with various substances, especially 
with many alkaloids. In addition, choline, spermine and calcium all 
have a universal distribution. None of the tests is sensitive and specific 
enough to identify material as semen. Differentiation between human 
and animal matter is impossible, and so is the distinction between 
semen and other material. 

The chemical composition of human semen gives little hope that a 
suitable test will be detected. Most of the chemical constituents which 
are present in a high amount have been already used as the basis for 
microreactions. Phosphorus is one of the few substances left for further 
experimentation. A reaction for phosphorus would be very sensitive, 
but not specific. Its value would be the same as that of the test for 
calcium. 

Other methods, based on a different principle, have to replace the 
microchemical tests in order that one may answer the questions which 
cannot be solved by morphologic examination of semen stains. 


IMMUNOLOGIC CHARACTER OF SEMEN AND SEMINAL STAINS 


The differentiation between human and animal material is a com- 
paratively easy procedure. With sufficient controls the results are 
reliable. Antisemen serums may be used instead of antiblood serums. 
They answer two questions at the same time. An organ-specific pre- 
cipitin serum which reacts with any semen, regardless of the species, 
can be produced. Its practical value is low because of the low titer for 
heterologous material. The titer of such serums is higher with fresh 
semen than with extracts of dried seminal stains. 

An anti-human-semen precipitin serum of sufficiently high titer is 
most suitable for use in tests to solve the question of origin of the 
material. The absorption technic as recommended by Hektoen and 
Rukstinat is the basis of the practical identification of semen and seminal 
stains. Serums from rabbits immunized with fresh or dried semen or 
with fresh or dried spermatozoa-free prostatic secretions from men and 
animals will give cross reactions. Fresh material produces serum of a 
higher titer than does an extract of a dried stain (Hektoen, 1922, 1928). 


122. 235, 324. 
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Admixture of other biologic material does not interfere with the 
results of precipitin tests provided that these be done after absorption. 
Sometimes, however, the titer of an absorption-treated serum for semen 
is too low to permit conclusions. Moisture and putrefaction disturb 
the results of precipitin tests, usually in the sense of rendering them 
positive. Artificial removal of stains disturbs the reactions. Dilution of 
the material or washing may render the results negative, while alcohol, 
soap and sodium bicarbonate cause positive results. The precipitation 
seen with extracts of unstained parts of the cloth is due to traces of 
soap or bleaching powder. In doing tests, controls employing unstained 
material are indispensable (Hektoen, 1922). 

Immunologic individualization on the basis of precipitin tests using 
antiserums produced by injection of motile spermatozoa has rather 
theoretic value. In practice it may be difficult to get the necessary 
material repeatedly. The long time required for immunization is one 
disadvantage, and the necessity for the cooperation of the suspected 
person another. 

Grouping is more suitable and may be performed without the 
cooperation of the suspected persons. The technic has to be carefully 
chosen. Extraction of seminal stains in concentrated A and B serum 
of a known titer simplifies the procedure. The absorption is accom- 
plished within two hours at 37 C. and only for convenience is this 
period prolonged to two hours at room temperature and over night 
in the refrigerator. The erythrocytes may be used in a 0.25 per cent 
suspension. Equal measured parts of the diluted serum used for 
absorption and of the cell suspension may be used instead of drops. 
The agglutination may be read grossly after centrifuging the material 
or microscopically in hanging drops after one hour. A combination of 
the two readings is advisable. The final titer is calculated on the basis 
of the final dilution of serum of a known strength previously deter- 
mined under identical conditions. 

The disturbing factors in grouping are much the same as in the pre- 
cipitation tests. The most common factor responsible for interference 
is absorption by the unstained cloth. Interference may also be caused 
by factors similar to those responsible for nonspecific results in precipitin 
tests. As with other immunologic reactions, the use of all possible con- 
trols renders the procedure more valuable. The grouping of semen and 
seminal stains represents an important step in the routine examination 
of this material and should be carried out regardless of whether sper- 
matozoa are detected or not. 

If one maintains all necessary controls, the immunologic procedure 
may answer very often all the questions which cannot be solved by means 
of the macroscopic, microscopic and microchemical examination of semen 
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and seminal stains. The chief need is that one keep constantly aware 
of all limitations of any method used and that one draw conclusions care- 
fully, uninfluenced by preconceptions. In oral and written statements, 
the positive as well as the negative findings should be reported with 
strict impartiality and without comment to the persons entitled to make 
inquiries about a sexual offense. 


RECOMMENDED ROUTINES 


The study of the work of others and my own experiments led to 
the elaboration of a course of routine examination of semen and 
seminal stains which differs from the one commonly used. 

The analysis of fresh semen is discussed under the head “Technic 
of Examination of Fresh Fluid Semen,” on pages 147 to 152. 


EXAMINATION OF SEMINAL STAINS 


Macroscopic Examination.—The gross examination of fresh semen 
concerns the amount, color, odor and consistency. In the case of stains, 
their detection and localization and the coordination of their position 
with the circumstances at the scene of the crime are more important 
than the other macroscopic features. The size and the number of stains 
may be helpful in differentiating between spontaneous emission and 
wiping, and their arrangement may tell whether a piece of cloth has 
been used for cleansing the penis, the vagina or other places. Ultraviolet 
rays or a 0.01 per cent solution of alizarin sodium sulfate in distilled 
water applied on the material may facilitate the detection of stains which 
have not been seen before. These expedients help locate stains but do 
not prove that the stains are of seminal origin. They do not interfere 
with further examination of the stains. 


Microscopic Examination—The microscopic examination is per- 
formed to detect cellular elements characteristic of semen. From fluid 
material one can make smears and observe them unstained and after 
coloring, preferably with Giemsa’s stain applied in the same way as to 
blood smears. Spermatozoa and cells of the spermatogenesis are readily 
detected in fresh material, and spermiograms and biometric curves based 
on studies of the cellular structures are worked out. 

In the case of stains the destruction of the material stained is neces- 
sary. Three methods may be applied: 

1. A fiber of the center of the suspected stain is teased out into finest shreds, 
either dry or in a drop of water, alcohol or methyl alcohol. The shreds are 
transferred to a slide, stained for one minute with a 0.5 per cent solution of 
erythrosin in ammonia water, blotted between filter paper, washed shortly with 


tap water, counterstained for two minutes with Weigert’s iron-hematoxylin freshly 
prepared, washed again with tap water, blotted, mounted in balsam and finally 
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covered with a cover slip. In this way the original position of the spermatozoa 
on the shreds of the fabric is demonstrated. 
For morphologic studies, the shreds may be fixed in a drop of methyl alcohol 
for three minutes, stained fifteen to thirty minutes with a freshly prepared solu- 
tion of Giemsa’s stain, blotted between filter paper, washed with distilled water, 
clarified in xylene for five minutes and mounted under a cover slip. Structural 
details may be seen in the spermatozoa which lie on or beside the shreds. 


2. The second method is the chemical decomposition of the material stained. 
The central part of the suspected stain is placed in concentrated sulfuric acid in 
a covered watch glass, which is kept in an incubator at 50 C. The material is 
checked grossly each hour. The moment the material is visible as a skeleton, 
it is transferred to a slide and overlaid with a cover slip. The time required 
for digestion depends on the material stained. Textiles may be destroyed within 
one to four hours. The number of spermatozoa may be demonstrated in this way. 


3. As a third method, biopsy of seminal stains may be utilized: Pieces of the 
material are boiled for fifteen minutes in tap water and then transferred for fifteen 
minutes to 70, 80, 90, 100 and 100 per cent alcohol, to alcohol-xylene and to xylene. 
They are kept for thirty minutes in petrolatum and for the same length of time 
in paraffin; finally they are embedded. Sections 4 to 6 microns in thickness are 
stained with erythrosin and iron-hematoxylin. The resulting picture is much the 
same as after teasing. In addition to spermatozoa, the other cellular elements 


are visible. 

Maceration of a piece of cloth in saline solution or tap water for 
twenty-four hours is useful when the demonstration of cellular elements 
other than spermatozoa is desired. For the recovery of spermatozoa 
this method is unsuitable. The fluid may be centrifuged and the sedi- 
ment examined after staining with Giemsa’s and with Gram’s stain. 
Maceration in absolute alcohol in a covered watch glass kept in the ice 
box over night is necessary if glycogen granules in vaginal epithelium 


cells are to be shown. Best’s carmine is the most suitable stain for this 
material. 


Immunologic Examination.—Precipitin tests are performed in any 
case in which spermatozoa cannot be detected in the material. They also 
serve in the differentiation between human and animal material. A cer- 
tain number of seminal stains with and without spermatozoa and also 
similar samples of the semen of various animals on all kinds of fabric 
should be kept prepared for use as controls. An antihuman-semen pfe- 
cipitin serum is prepared in rabbits by six intravenous injections of a 
mixture of at least three different samples of normal semen. The injec- 
tions are given at the rate of two a week for three weeks. The titer of 
the prepared serum is tested. If the titer is sufficiently high (precipita- 
tion occurring in a dilution of more than 1: 20,000 in twenty minutes at 
37 C.), the animals are bled six days after the last injection. The final 
titer in the illustrative sample (table 2) is twice as high as the detected 
strength, because of the dilution. 
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Grouping of the material is also performed regardless of the results 
of the microscopic search for spermatozoa. The titer of group-specific 
serums used for absorption is established in simultaneously set up 
experiments. The final titer has to be figured on the basis of the original 
strength and the final dilution of the group-specific serums. 


TasLe 2.—Immunologic Identification of a Stain as That of Human Semen 








A. : Absorption for 1 hour at 20 C. and for 12 hours at 4 O. Result 
0.1 ee. of normal serum + 0.1 ec. of human blood diluted 1:200 0 
0.1 ee. of antisemen serum + 0.1 cc. of human blood diluted 1:200 


B. : Precipitation read after 1 hour at 20 C. (a ring or a precipitate is 
indicated by +) 


0.1 Ce. of the Treated Serum (Supernatant Fluid of A) Diluted to ) { 0.1 Ce. 
anogaiinaaithad Rode: eee tes Res — } and { 

1:8 1:16 1:32 1:64 1:128 1:256 1:512 1:1,024 | | of: 

0 0 0 0 0 0 Extract of blood stain 
re os dots doe t + ++ 0 Extract of semen (7?) 
stain 

+ ++ 0 0 0 0 Extract of cloth 
be ewes we. +++ ++ + Fresh human semen 
pt} ++ + 0 0 Animal semen 








TABLE 3.—Grouping of a Semen Stain 








A. : Absorption for B. : Agglutination read grossly after 4 minutes of centrifu- 
2 hours at 20 C. and gation at 2,000 revolutions per minute and resuspension, then 
for 20 hours at 4 O. microscopically in hanging drops after 40 minutes at 20 C. 
noniniieale A A 


: 0.1 Ce. of Result. 
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GENERAL SUMMARY 


A wide variety of laboratory tests may be employed successfully for 
the identification of material of seminal origin. The choice of methods 
depends on the nature and the condition of the material and on the 
specific purpose of the investigation. 

The various physical, chemical and immunologic tests applicable to 
the examination of seminal material have been reviewed, and their respec- 
tive spheres of usefulness have been described. 
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Microscopic examination of suspect material for the identification of 
spermatozoa is the most generally useful procedure because it is least 
likely to be interfered with by extraneous influences. Frequently the 
success of such an examination depends on the utilization of special pro- 
cedures by which cellular structures may be freed from their environ- 
ment. Of equal and in some respects of greater specificity are the 
various serologic tests. Unfortunately, certain of the immune properties 
of seminal material deteriorate rapidly and may be destroyed by the 
chemical qualities of the environments in which stains are likely to be 
found. 

The many macrochemical and microchemical tests that have been 
recommended through the years are of limited usefulness even under 
optimal conditions, and they should be employed only with full appre- 
ciation of their limitations. 
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Notes and News 


Awards.—C.-E. A. Winslow, Anna R. Lauder professor of public health at 
Yale University, was awarded the Sedgwick Memorial Medal by the American 
Public Health Association in recognition of his distinguished service in public 
health. 

Thomas Addis, of Leland Stanford Jr. University, has been awarded the Cullen 
Prize by the Royal College of Physicians, of Edinburgh, in recognition of his 
work on Bright’s disease. 


Appointments.—A. C. Ivy, professor of physiology at Northwestern Uni- 
versity Medical School, has been appointed scientific director of the Naval Medical 
Research Institute, at the Naval Center, Bethesda, Md. 

Eugene L. Opie, emeritus professor of pathology at Cornell University Medical 
College, has taken over again the direction of the department during the absence 
of William Dock, who has been commissioned a major in the army. 


Society News.—The American College of Physicians has canceled its annual 
meeting, scheduled to be held in Philadelphia, April 13-16, 1943. 

The American Society of Clinical Pathologists has decided to hold its next 
annual meeting in Chicago on June 4, 5 and 6 at the Drake Hotel. 


Awards of the National Science Fund.—These awards are of a new type 
in that they will be given to further the scientific work of the recipient, being 
designed not only to reward those engaged in research for their accomplishments, 
but also to assist those with exceptional abilities to carry on further research, 
Two prizes, each of the value of $2,000, will be presented, one for 1942 and the 
other for 1943, “for outstanding contributions to our knowledge of factors affecting 
the growth of animal cells with particular reference to human cancer.” Sugges- 
tions are invited by the Advisory Committee of the National Science Fund, 515 
Madison Avenue, New York. 


Registry of Ovarian Tumors.—The American Gynecological Society has 
established the American Registry of Ovarian Tumors under the charge of five 
gynecologic pathologists, with Emil Novak as chairman. 


Medical Research Fellowship.—The Mary Putnam Jacobi Fellowship for 
Medical Research of $1,000 of the Women’s Medical Association invites applica- 
tions. The secretary of the committee is Dr. Phoebe L. Du Bois, 150 East 
Seventy-Third Street, New York. 





Obituaries 


LUDWIG ASCHOFF 
1866-1942 


Ludwig Aschoff, the eminent German pathologist, according to a 
report in the issue of the Schweitzer medizinische Wochenschrift of 
September 12, 1942 (page 1017), died on June 24, 1942, at Freiburg, 
Germany, in his seventy-seventh year. Brief notices have appeared in 
The Journal of the American Medical Association and in Science. He 
had retired as emeritus professor in 1936. 

Aschoff was born, the son of a well known physician, in Berlin, on 
Jan. 10, 1866. From Fischer’s “Biographisches Lexikon der hervor- 
ragenden Aerzte der letzen fiinfzig Jahre” (1932) one learns that, 
following the German custom, he attended several schools—Bonn, Berlin, 
Strassburg—graduating at Bonn in 1889. From 1891 to 1893 he served 
as assistant in von Recklinghausen’s Institute at Strassburg, and then 
for ten years, in the Pathological Institute at Gottingen, “habilitating” 
in pathologic anatomy in 1894. In 1903 he was called to the chair of 
pathologic anatomy at Marburg; and in 1906 to Freiburg, where his 
chief work was done until his retirement for age in 1936. 

Search, especially in the “Index Medicus and the Quarterly Cumu- 
lative Index Medicus,” reveals that Aschoff’s long list of some two 
hundred publications, beginning with “Die Pyelonephritis” in 1893, 
covered most aspects of morbid anatomy and some of natural history, 
with many brief remarks at society meetings, obituary notices and other 
items. He was one of, the founders of the German Pathological Society. 

His most important scientific work was done before World War I. 
Appendicitis in its various forms first attracted his attention and held it 
throughout his professional life, his monograph on the subject appearing 
in 1908. Turning next to the heart, Aschoff and his pupil Tawara in 1904 
discovered the “Aschoff bodies” of the myocardium in rheumatic fever. 
The description of these structures occupied one page in his six page pre- 
sentation of myocarditis to the German Pathological Society. It is curious 
that in neither his summary nor the discussion that followed was the 
importance of the discovery appreciated. The newly rediscovered bundle 
of His next claimed their attention. Several articles on this subject by 


Aschoff, published in journals, and a book by Tawara remain in many 
aspects the final word on the matter. The terms “thrombosis, 
sclerosis,” “‘cholecystitis” and “cholelithiasis” appear frequently in the 
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titles of his publications. One-of the most important of his contribu- 
tions was the synthesis, based on studies by Kiyono and others, of the 
now well known reticuloendothelial system. In spite of some continued 
adverse theoretic criticism, this concept has proved to be of very con- 
siderable scientific and practical value. His account of this system is 
found best in the “Lectures in Pathology” (Hoeber), which he delivered 





Aytographed photograph of Aschoff (taken about 1927). 


in this country in 1924. Aschoff’s name is said to be connected with the 
paradidymis and the paro-ophoron, but I have not been able to trace 
this connection. 
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The marked drop in his annual output during the war and for several 
years thereafter and the quality of this output since that time are mute 
witnesses to the ravages that have mutilated German medical science 
in the past thirty years. His last listed publications of any consequence 
were a series of articles on the normal and the pathologic anatomy of old 
age (1937) and two on arteriosclerosis in 1939 and 1940. 

To many Aschoff is best known for his two volume textbook of 
pathologic anatomy, which first appeared in 1909 and reached its eighth 
edition in 1936. Edited by Aschoff, this work compiled by fourteen 
collaborators was divided into twenty-two parts, of which six were 
written by Aschoff himself (circulatory disturbances, local defense reac- 
tions, the heart and pericardium, the urinary apparatus, the female 
reproductive apparatus, the digestive organs). 

Aschoft’s interest in the history of medicine is indicated by occa- 
sional articles, such as his Finlayson Lecture, the “History of the Cir- 
culation,” and by his “Kurze Uebersichtstabelle zur Geschichte der 
Medizin,” first arranged as a supplement to Schwalbe’s lectures (1909) ; 
this reached a third edition (sixty-one pages), prepared in collaboration 
with Diepgen, in 1936. As might be expected, the content matter 
greatly overemphasized Germany’s role. 

He also edited “Beitrage zur pathologischen Anatomie und zur 
allgemeinen Pathologie” and volume 8 (“Pathologische Anatomie” ) 
of the “Handbuch der aerztlichen Erfahrungen im Weltkriege 1914- 
1918” ; he was co-editor of the supplement to this work, “Veroffentlich- 
ungen aus der Gewerbe- und Konstitutionspathologie.” 

Aschoff was in many ways, as Garrison has called him, “the leading 
spirit of recent pathology,” and yet the position that he will eventually 
occupy in twentieth century medicine is unusually difficult to estimate. 
Well trained in German methods of study and administration, his ener- 
getic spirit made the Pathological Institute at Freiburg a leading center 
for many years. Thither went pupils from many countries, some of whom 
worked out his ideas and later took home German methods. More, 
however, found so many competitors for the small amount of material 
available and were so seldom able even to speak with the “Professor” 
that they would have been better off elsewhere, especially as the assis- 
tants responsible for many details were apt to be of inferior caliber. 
When one recalls that many German leaders purposely picked docile 
assistants to carry out the master’s tasks, it is perhaps significant that 
few of Aschoff’s juniors accomplished anything noteworthy after leaving 
Freiburg. 


A man of great intellectual vigor, his many activities required a full 
and methodically carried out daily program. He began work early and 
took less time off at midday than was customary among German intel- 
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lectuals, accomplishing many hours of work per week; the amount of 
time allotted to diversions was based mainly on standards of health 
and efficiency. On many occasions, as on one in 1937, his prelecture 
remarks in an adjoining room on the gross specimens of the day were 
condensed into the time required to walk rapidly past the tables on 
which the specimens stood. As one might expect, Aschoff’s lectures were 
dogmatic, concerned with little but pathologic anatomy, and that of the 
German variety, but were clear, authoritative and not inadequate in 
their field. 

Personally, Aschoff was a man of his times. He was one of the 
ninety-three German professors “well known for scientific or artistic 
achievements” who signed the notorious manifesto of October 1914, 
denying that Germany, inter alia, had “violated the neutrality of Bel- 
gium, assailed a single Belgian citizen without the compulsion of most 
bitter necessity, disregarded the principles of international law, raged 
brutally against Louvain,” and so on—pledging their names and honor 
that the witness borne against Germany was false. Obviously, the Kultur 
that volunteered such a statement must have been singularly deficient in 
factual information or in scientific regard for the truth. It is said that 
for some years after the war he required of those wishing to work in his 
laboratory a signed statement acknowledging Allied culpability for the 
war. Later, however, he was courteous to foreign visitors, and espe- 
cialy so to Americans after his visit to this country. It has been told 
me by visitors to Freiburg that Aschoff was opposed to the Nazi ideology 
and methods but at that time was so near the retiring age that he did 
not wish to do anything that would disturb his retired leisure in 
Freiburg, where he had lived so long. I have not been able to find 
any published statements by him that would throw light on his attitude 
toward this problem. 

Thus passes a leading figure of the twilight period of modern German 


medical science. ‘s 
Epwarp B. KrumsBHaar, M.D. 





Book Reviews 


A Short History of Cardiology. James B. Herrick, M.D., emeritus professor 
of medicine, Rush Medical College, and consulting physician to the Presby- 
terian Hospital, Chicago. Pages 258, with 48 figures. Price $3.50. Spring- 
field, Ill., and Baltimore, Md.: Charles C Thomas, Publisher, 1942. 


This small volume of approximately 250 pages is well worth the reading, 
whether one is a medical student or a physician engaged either in general practice 
or in internal medicine. It is an excellent survey not only of the development 
of present knowledge of the heart and its diseases but of much of internal medi- 
cine as well, not only for the beginner but also for the doctor already interested 
in and somewhat acquainted with the history of medicine. The reviewer himself, 
for example, has acquired many interesting bits of information about physicians, 
especially those of the nineteenth century, who made contributions to cardio- 
vascular knowledge of which he had had little or no clear idea before; in par- 
ticular he would like to list the following names: Hippolito Albertini (1672-1733), 
who was apparently the first to emphasize the value of palpation over the heart; 
Allan Burns (1781-1813), who emphasized the coronary origin of angina pectoris 
and ascribed it to myocardial ischemia; Antonio Testa (1756-1814), who wrote a 
three volume work on the heart in which he devoted several pages to angina pec- 
toris; Friedrich Kreysig (1770-1839), who also wrote a large work on the heart 
in which he accepted the corenary artery theory of angina pectoris, a theory which, 
despite these individuals, stemming from Jenner in the previous century, remained 
largely in the discard for one hundred years; Josef Skoda (1805-1881), who at the 
age of 35 wrote a classic article on percussion and auscultation, correcting much 
of Laennec’s faulty interpretation of heart sounds and murmurs; Ludwig Traube 
(1818-1876), who was particularly interested in the relationship between renal 
and cardiac disease and who was able to reason back from contracted kidney to 
hypertrophy and dilatation of the left ventricle, relative insufficiency of the tri- 
cuspid valve and finally increased pulsation of the veins of the neck; Adams 
(1791-1875), who not only described the Adams-Stokes syndrome but wrote well 
on the physical findings in mitral stenosis and in aortic stenosis; Latham (1789- 
1875), who in his clinical lectures gave an excellent picture of rheumatic endo- 
carditis and pericarditis with a statistical study of 136 cases of acute rheumatism, 
and also treated of enlargement of the heart, recognizing the variety of causes; 
Bouillaud (1796-1881), who established on a firm basis the relationship of acute 
inflammatory rheumatism and heart disease; Virchow (1821-1902), who not only 
initiated interest in cellular pathology but introduced in almost a modern way 
knowledge of thrombosis and embolism; Kirkes (1823-1864), who emphasized the 
occurrence of peripheral embolism from intracardiac thrombosis, especially vege- 
tations from the cardiac valves; Francis Welch, who in 1875 clearly differentiated 
for the first time between the aortic lesions of atheroma and those due to syphilis; 
Quain (1816-1889), who in a comprehensive article entitled “Fatty Degeneration 
of the Heart” recognized myocardial lesions resulting from coronary obstruction ; 
Marshall Hall (1790-1857), who in 1842 expressed the belief that sudden death 
was often due to arrest of the coronary circulation, and Huber, who in 1882 
clearly described myocardial fibrosis as of coronary origin with a course that is 
not only chronic but is interrupted by explosions of so-called “heart strokes” and 
establishment in some cases of intracardiac mural thrombi and in others the 
occurrence of death from rupture of the heart wall. 

One finds in the book ample mention of the better known contributions by the 
better known pioneers, including Galen, Leonardo da Vinci, Vesalius and Harvey, 
Lower and Mayow, Vieussens and Lancisi, Hales, Senac, Morgagni, Heberden 
and Withering, Jenner and Parry, Corvisart and Laennec, Williams and Hodgson, 


202 





BOOK REVIEWS 203 


Cheyne, Corrigan, and Stokes, Rokitansky, DaCosta, Potain and Vaquez, Osler, 
Wenckebach, Mackenzie and Lewis. There are naturally a few gaps, but astonish- 
ingly few. The reviewer would like to have seen more reference to that gold 
mine of cardiovasculaf pathologic data, brief though they were, buried in the 
depths of the Sepulchretum of Theophile Bonet, both the first edition of 1679 and 
the second of 1700. Morgagni’s contribution really consists of a much improved 
and elaborated third edition of the Sepulchretum. Bonet had broken the ground 
and had revealed the wealth of the hidden treasure, which Morgagni presented 
in full luster to the gaze of his own generation and of those that followed. 

The next to the last chapter, devoted to coronary disease, is of particular 
interest in its attempt to explain the lapse in interest in the subject between 1800 
and 1912. The reasoning, it seems to me, is not wholly adequate, being based as 
it is on the distraction of the medical mind by so many other interesting new 
ideas and methods of study; there should not have been such complete distraction 
from so important a subject. Sudden deaths and temporary invalidism from heart 
disease were occurring commonly throughout that century, pathologists were 
finding scars in the heart and other evidences of serious coronary disease, but 
there was no clinician to put all the facts together until Herrick himself analyzed 
the problem. The occasional references in the literature to which he himself 
refers, although interesting, and of course accumulative, nevertheless do not take 
away in my mind at all from the luster of Herrick’s own accomplishment in his 
classic paper published in 1912. The only outstanding omission in the book as 
I see it is this lack of recognition of the importance of his own contribution. It 
undoubtedly is from sincere modesty. Nevertheless, I am sure that a page telling 
of Herrick’s accomplishment should be added to that chapter by the mind’s eye 
of the reader who knows something of the work of the last generation on this 
subject. Some one other than Herrick himself will have actually to add this page. 

The book is clear and accurate, with good style, and is obviously based on 
much study. One might wish that more had been written in the earlier part of 
the book concerning the very important century from 1650 to 1750, during which 
heart disease was actually discovered. One might wish that there were more 
about the social and the political aspects of the times for correlation with the 
medical contributions, but all this would have made the book not a short history 
of cardiology but a long one. One could wish that Dr. Herrick would sit down 
some time and amplify this short history, at least into a medium-sized one. He 
would do a great service as he has already done in presenting the shorter one. 

It is difficult to know what is the best method of presentation of medical 
history, as he himself notes at the beginning, whether by period or by person or 
by subject. He uses all three in the course of the book, ending it with several 
chapters on specific subjects. All these methods of attack are interesting and 
worth while, and might be worked out more completely even in the same volume; 
for example, the last part of chapter 4 in this book, which is entitled “Laennec to 
Virchow,” concerns rheumatic heart disease, which, with such a label, could be 
separated off as a separate chapter like those that follow at the end of the book. 
There might be chapters on cardiac enlargement, on arrhythmia and on heart 
failure. However, such amplification, as already said, would lead to a large 
volume, and this Dr. Herrick did not intend to undertake. 

In summary, then, the reviewer would express his gratitude to Dr. Herrick 
for what he has done and express the hope that he will do more. 


Central Autonomic Regulations in Health and Disease (with Special 
Reference to the Hypothalamus). Heymen R. Miller, M.D., associate 
attending physician, Montefiore Hospital, New York. Introduction by John 
F. Fulton, M.D. Sterling professor of physiology, Yale University. Cloth. 
Pages 440, with bibliography, index and 64 illustrations. Price $5.50. New 
York: Grune and Stratton, 1942. 


In this book there is a passage which reads: “The total effect of the normal 
constant ‘tonic’ autonomic discharge is to confer upon the body a coordinated 
dynamic equilibrium maintained at an optimal standard. Without this coordination 
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the multitudinous and complex reactions of the autonomic nervous system would 
become incongruous and a kaleidoscopic helter-skelter” (pages 19 to 20). It is 
not too fanciful to say that the author has performed for one’s understanding of 
the autonomic nervous system a feat of coordination comparable to that which 
this system performs for the body. He has brought a semblance of order out of 
what to most physicians not neurologically trained has been chaos. That order 
does not reign supreme even now is due to the still great gaps in knowledge of 
this field and to the many points on which the evidence is in conflict. 

The book emphasizes function rather than structure. For example, roughly 
five sixths of its contents are devoted to normal and pathologic physiology, with 
the anatomic sixth unconventionally but conveniently placed at the end. The first 
chapter, serving to orient the reader, deals with the general physiology of the 
autonomic system. Subsequent chapters are concerned with the regulation of 
body temperature, water and minerals, metabolism, the sleep-waking rhythm, the 
mechanism of emotions and the major organ systems. The material is logically 
organized, thoroughly documented and well illustrated by photographic reproduc- 
tions and clear, relatively simple charts and drawings. Evidence is impartially 
presented, and conclusions are carefully drawn. There is no dogma. The hypo- 
thalamus receives a great deal of attention. This, as the author states, has been 
deliberate, and most readers will add, fortunate in view of the growing recognition 
of the importance of this structure as an originator, mediator and receptor of 
autonomic impulses. 

The introductory chapter, the discussion of diabetes insipidus and the section 
on the sleep-waking rhythm are particularly good. The chapter on metabolism is 
less so. While many clinical conditions influenced by the autonomic nervous 
system are discussed, it is, in the reviewer’s opinion, regrettable that little or no 
space is given to such common disturbances as postural hypotension, vasomotor 
instability and migraine, in the genesis of which this system must surely play a 
large role. The occasional brief case reports, interposed to demonstrate the 
application to disease processes of various neurophysiologic principles, are usually 
apt and instructive. Some, however, are unconvincing either by reason of insuff- 
cient definitive data or because the relation of the autonomic system to the clinical 
phenomena described is assumed rather than proved. 

Despite its shortcomings, the book represents a difficult job unusually well 
done. Its readers will be rewarded with pleasure and profit. 


Surgical Pathology. William Boyd, M.D., LL.D., M.R.C.P.Ed., F.R.C.P. Lond., 
Dipl. Psych., F.R.S.C., professor of pathology, University of Toronto. Fifth 
edition, thoroughly revised. Pages 843, with 502 illustrations and 16 colored 
plates. Price $10. Philadelphia and London: W. B. Saunders Company, 1942. 


The usefulness of this work is well established and warrants fully the revision 
the book has received. A good deal of new subject matter has been introduced, 
including a new chapter on the surgical pathology of the chest, in which are 
discussed lesions of the trachea and bronchi, the lungs, the mediastinum, the 
pleura and the pericardium. The references at chapter ends have been rearranged 
according to subjects. Many microscopic drawings have been replaced by photo- 
graphs. With only few exceptions, the illustrations, both gross and microscopic, 
are attractive and instructive. The first nine chapters deal with subjects of 
general interest, such as inflammation, shock, hemorrhage and tumors. The 
chapter on tumors is comprehensive and adequate. The “radiosensitivity” of 
different cancers is discussed with commendable cautiousness. On page 109 
Hansemann is misspelled Hausemann. The word “cancer” is used as synonymous 
with “carcinoma” and not as including both sarcoma and carcinoma, which is now 
the common usage. The larger part of the book by far is devoted to the descrip- 
tion of processes and conditions in the organs, of special surgical interest. Certain 
omissions may be mentioned, e. g., anomalies and defects (diaphragmatic hernia), 
carcinoma of the larynx and tumors of the maxillary sinuses. Carcinoma of the 
mouth and pharynx, as well as that of the bronchi, is well described, but not one 
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word is said about carcinoma of the larynx. So far as it goes, the book achieves its 
object, which is “to present those aspects of pathology which will prove useful to 
the surgeon.” 


Changes in the Knee Joint at Various Ages with Particular Reference to 
the Nature and Development of Degenerative Joint Disease. Granville 
A. Bennett, M.D., associate professor of pathology, Harvard Medical School; 
Hans Waine, M.D., research fellow in medicine, Harvard Medical School, 
graduate assistant in medicine, Massachusetts General Hospital; Walter Bauer, 
M.D., associate professor in medicine, Harvard Medical School, physician to 
the Massachusetts General Hospital, director, Robert W. Lovett Memorial 
Foundation for the Study of Crippling Diseases. Pp. 97, with 31 plates. 
Price $2.50. New York: The Commonwealth Fund, 1942. 


As indicated by the title, this monograph describes the morphologic conditions 
of the knee joint at various ages. It is based on a thorough study of knee joints 
from a number of subjects in each decade of life who gave no history or clinical 
evidence of joint disease. The photographs illustrate well the appearances, gross 
and microscopic, of the joint in each of the nine decades. The main outcome of 
the study is that after the second decade the joint cartilages show degenerative 
changes which become more and more marked as age advances. These changes 
are similar to those in so-called hypertrophic arthritis, which the authors properly 
prefer to call degenerative joint disease and which they regard to be “in essence, 
primarily a degenerative process of hyaline cartilage,” the intimate nature and 
causes of which invite further investigation. 


The Care of the Aged (Geriatrics). Malford W. Thewlis, M.D., attending 
specialist in general medicine at the United States Public Health Hospitals, 
New York. Fourth edition. Cloth. Pp. 589, with 50 illustrations. Price $7. 


St. Louis: C. V. Mosby Company, 1942. 


Problems of Ageing, Biological and Medical Aspects. Second edition. 
Thirty-seven contributors. Edited by E. V. Cowdry, Washington University, 
St. Louis. Pp. 936, with 129 figures. Price $10. Baltimore: Williams & 
Wilkins Company, 1942. 


The publication of the fourth edition of the “Care of the Aged (Geriatrics)” 
by Malford W. Thewlis and of the second edition of “Problems of Ageing” 
indicates an actively increasing interest in the biologic and the practical aspects 
of aging. The fact that the book by Thewlis has reached its fourth issue shows 
that it meets the needs of physicians for a practical guide in the care of aged 
patients. “Problems of Ageing” was published first in 1939, and a descriptive 
review of it appeared in the ArcuiIves oF PatHotocy (28:280, 1939). <A reprint 
was issued in 1940. The second edition, revised and enlarged, has nine new chapters 
and the number of pages has grown from 749 to 936. Each chapter is a unit by 
itself, with summary and references. These new editions mark definite progress 
in the study of aging as well as of the care of the aged. 
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Suock, Irs Dynamics, OccURRENCE AND MANAGEMENT. Virgil H. Moon, 
M.Sc., M.D., professor of pathology, Jefferson Medical College, Philadelphia. 
Pp. 324, with 36 figures. Price $4.50. Philadelphia: Lea & Febiger, 1942. 


A Hanpsook oF ALLERGY FOR STUDENTS AND PRACTITIONERS. Wyndham B. 
Blanton, M.D., Litt.D., professor of clinical medicine and chief of the immunology 
clinic, O.P.D., Medical College of Virginia, Richmond, Va. Pp. 190, with 20 
figures. Price $3. Springfield, Ill.: Charles C Thomas, Publisher, 1942. 


Human Patuotocy. Howard T. Karsner, M.D., professor of pathology, 
Western Reserve University, Cleveland. Sixth edition, completely revised and 
reset. Pp. 817, with 460 illustrations and 16 color plates. Price $10. Philadelphia: 
J. B. Lippincott Company, 1942. 


A Snort History or Carpiotocy. James B. Herrick, emeritus professor of 
medicine, Rush Medical College; consulting physician to the Presbyterian Hos- 
pital, Chicago. Pp. 258, with 48 illustrations. Price $3.50. Springfield, III: 
Charles C Thomas, Publisher, 1942. 


OuTLINE oF Histotocy. Margaret M. Hoskins, Ph.D., and Gerrit Bevelander, 
Ph.D., New York University, Departments of Anatomy, College of Dentistry and 
Graduate School of Arts and Science. Pp. 112, with 56 figures. Price $2.50. 
St. Louis: C. V. Mosby Company, 1942. 


INTRODUCTION TO ParasitoLtocy. <A. S. Pearse, professor of zoology, Duke 
University. Pp. 357, with 448 figures. Price $3.75. Springfield, Ill.: Charles 
C Thomas, Publisher, 1942. 


A CURRICULUM FOR ScHOOLS OF MepicAL TrecHNoLocy. Israel Davidsohn, 
M.D., director of laboratories and pathologist, Mount Sinai Hospital, Chicago, 
and assistant professor of pathology, University of Illinois College of Medicine. 
Second edition, revised. Pp. 47. Price $1.75. Board of Registry, American 
Society of Clinical Pathqlogists, 1942. 


PROBLEMS OF AGEING, BIOLOGICAL AND MepicAt Aspects. Second edition. 
Thirty-seven contributors. Edited by E. V. Cowdry, Washington University, 
St. Louis. Pp. 936, with 129 figures. Price $10. Baltimore: Williams & Wilkins 
Company, 1942. 


3L00D SUBSTITUTES AND Boop TRANSFUSION. Edited by Stuart Mudd, M.D., 
professor of bacteriology, University of Pennsylvania School of Medicine, Phila- 
delphia, and William Thalhimer, M.D., director, Human Serum Division, Public 
Health Research Institute of the City of New York, Inc. Pp. 407. Price $5. 
Springfield, Ill.: Charles C Thomas, Publisher, 1942. 





